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PREFACE
This book consists of four lectures which

were delivered in the Physiological Labora-

tory of Guy's Hospital, during May of this

year, as a London University course for

senior students. They are reproduced in the

form of their delivery, after careful revision,

in which I have been much aided by the

criticisms and suggestions of my friend

Professor J. T. Wilson, F.RS.
Philosophical readers who may have chanced

to see an essay by my brother and myself on
' The Relations of Philosophy to Science ' in

Essays in Philosophical Criticism^ published in

1883, will recognise in these lectures a de-

velopment of the ideas put forward in that

essay. In a presidential address which I

delivered in 1908 before the Physiological

Section of the British Association, and in

other scattered papers, the same line of argu-

ment in relation to the aims of biology and
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its position among the sciences was followed

out in certain directions. The lectures now
published represent an attempt at a more

comprehensive treatment of the subject.

The time is now more than ripe for bring-

ing the great biological movement of the

nineteenth century into definite relation with

the main stream of human thought; and

these lectures form a contribution towards

the fulfilment of this task.
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LECTURE I

THE MECHANISTIC THEORY OF LIFE

The aim of the first two of these lectures is to

examine the hypothesis that living organisms

may be regarded as conscious or unconscious

physical and chemical mechanisms, and can

be satisfactorily investigated from this stand-

point. In this first lecture I shall endeavour

to state, as well as I can, the case for what

may be called, in the absence of a better

expression, the mechanistic theory of life.

The researches of countless investigators

have established with practical unanimity

certain very fundamental facts with regard to

living organisms(T)One of these is that the

matter of which the bodies of organisms are

found by analysis to be composed consists

of the same chemical elements as are

found outside the body, and that no new

matter is formed in the body, or disappears
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from it. All the matter which is found

in the body, or which passes from it, can

be accounted for by what is taken up

from the environment. Of the particular

chemical si^bstances, moreover, which have

been found in the body a large and ever

increasing number can be formed artificially

outside it, and there is no reason for believing

that any ultimate difficulty will be experi-

enced in artificially forming any of the

chemical substances which have been dis-

covered, or are ever likely to be discovered,

within the body.

^K/Another fundamental fact is that the whol-e

of the energy whi^ch is liberated in the body,

whether as beat, mechanical work, or in other

forms, can be traced to sources outside the

body. The actual external sources of energy

in the living body were first pointed out in

general terms by Mayer more than sixty

years ago, and the exact investigations of

subsequent physiologists have completely

verified his general conclusions.

The two great physical laws of conservation

of matter and conservation of energy can

thus be extended with apparently rigorous
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accuracy to all living organisms, including

human beings. From this it may be inferred

that, however complex may be the changes

involvS3"te*grganic activity,T;Hey are nothing

but changes in a material system. As yet

we are far from being able to trace this

system and its changes completely ; but the

main outlines are clear, and the gradual filling

in of details can only be a matter of time,

though we shall probably never succeed in

completely filling in all the details.

It is true that, in the case of at least the

higher organisms, consciousness accompanies

some of the material changes in the living

body, \vhereas consciousness is not known
to accompany material changes in the in-

organic world. Of this mysterious accom-

paniment we can of course give no physical

account. Possibly consciousness accompanies

all material change ; but whether or not this

is the case, consciousness seems to make no

difference in the end to th<r physical and

chemical chain of events. It might, con-

ceivably, be a form of energy, generated

under certain unknown conditions in active

protoplasm; but, if so, it is only one form
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of energy, generated from and immediately

passing back into other forms. Cut off the

oxygen supply to the brain, and conscious-

ness ceases within a few seconds. It makes

no difference to the energy balance of the

body whether an animal is conscious or not

;

and it seems simplest, in the present state of

knowledge, to treat consciousness as an ac-

companiment, not altering in any way the

physical and chemical changes which it

accompanies, of certain intra-protoplasmic

.changes.

The mechanistic theory may be supported

by another set of considerations, which appeal

very strongly to many scientific investigators.

In all biological investigations we are investi-

gating either structure or activity ; and when

we come to details we find that the struc-

ture is physical and chemical structure, and

the activity physical and chemical activity.

Hence biology can be nothing but the physics

^and chemistry of organisms.

This argument may be illustrated in almost

infinite detail. Let us suppose that we are

engaged in anatomical investigation. With
the scalpel, microtome, microscope, fixing
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and staining reagents and other physical or

chemical apparatus we separate out or render

distinguishable the details of structure. But

these details are only details of form, size,

colour, physical or chemical characters, and

spatial relations to other parts. The facts we
ascertain are physical and chemical facts

;

and the methods we use are physical and

chemical methods.

If, on the other hand, we are making a

physiological investigation, the same is no

less true. If we are investigating secretion

we are measuring the mass or volume of the

substances secreted, or their chemical com-

position, or perhaps their osmotic pressure,

or concentrations of ions in them. If we

are investigating muscular contraction we
are measuring the rate and extent of the

contraction, or the accompanying heat pro-

duction or chemical or electromotive pheno-

mena. The phenomenon wl^ich jHfe^Qbserve

is alwajTs^'sSinerpFysrcal or chemical iihange.

The methods we use ar^«ph32:sical and-ehemi-

cal methods, and the resulting facts are

consequently physical and chemical facts.

From the very nature of its methods and
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facts, therefore, biology can apparently be

nothing but applied physics and chemistry.

When we come to matters of detail it ap-

pears that biology does nothing, and can do

nothing, but ask physical and chemical

questions, and obtain physical and chemical

answers, in so far as the answers are more

than partial answers. In tracing, say, the

development of an organism, or investigating

the process of secretion, we, of course, obtain,

in the present state of knowledge, only

partial answers. We may not be able to

give a complete statement in physical and

chemical terms of the processes of develop-

ment or of secretion; but it remains true,

nevertheless, that the facts we are ascertain-

ing are apparently nothing but physical and

chemical facts, however imperfectly defined.

Beyond these facts all is more or less empty
speculation, which scientific men would pro-

bably do well to avoid.

For further support the mechanistic theory

can appeal to the actual history of biology,

and particularly of physiology. Apart from

the constant controversies (to which reference

will be made shortly) between mechanists
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and non-mechanists, the history of physiology

displays uninterrupted progress in the suc-

cessful application of physical and chemical

methods to physiological problems. To take

only a few examples, the principles of

mechanics were applied by Borelli to eluci-

date the action of the muscles on the lir^bs.

Kepler applied the principles of optics to the

action of the eye in vision. Harvey estab-

lished and analysed the facts relating to

circulation of the blood by the application

of purely physical observation and reason-

ing. As a result of the great advance in

chemistry at the end of the eighteenth

century the fundamental facts with regard

to respiration and its relation to nutrition

and animal heat were discovered ; and since

then the application of chemical methods

to physiological problems has been continued

with unbroken success. In more recent

times the advance of physical chemistry

has placed new and powerful weapons in the

hands of physiologists. It is doubtless the

case that the application of chemistry to

physiology has also shown us that^ the

chemistry of life is far more complex than
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was formerly suspected. This, however,

c^nHot leglHmately be used as an argument

against the mechanistic theory : for the pro-

gress which has been made by applying

chemical methods is solid progress, to which

there has been no set-back, though the goal

has turned out to be further away than

appeared to be the case about the middle

of last century, at the time of the general

movement among physiologists towards the

mechanistic theory. It is, perhaps, on the

chemical side that physiology has made its

most striking advances in recent times; but

on the physical side the advance has also

been continuous.

We may now turn to some of the argu-

ments which have been used in favour of a

non-mechanistic interpretation of biological

facts.7 /.Perhaps the most striking fact with

regard to physiological phenomena is the

evidence they present of activity co-ordinated

in such a manner as to conduce towards the

survival of either the individual or the species.

Co-ordination of a similar striking kind is not

found anywhere outside the organic world

;

and the mere existence of this co-ordination
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has been taken as strong evidence for the

presence in living organisms of some co-

ordinating influence apart from blind physical

and chemical forces^

The reply to this argument is that many
of the mechanisms by which co-ordination is

brought about have already been discovered,

and that every year more is being discovered

about them. Descartes, in his writings about

the nervous system, was the first to point the

way in this line of discovery. He suggested

nervous mechanisms, by means of which

afferent stimuli and muscular responses are

co-ordinated; and since his time the theory

that the nervous system is at bottom nothing

more than a complex system of reflex mechan-

isms has been experimentally verified in many
directions, and has now become a generally

accepted physiological doctrine. The reflex

actions associated with consciousness are evi-

dently so complex that their gradual analysis

may take generations of research work. We
have also to bear in mind that many forms of

nervous activity are excited or influenced by

chemical stimuli acting, not on peripheral

afferent nerves, but on the central nervous
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system. Thus the nervous mechanism by

which the breathing is so regulated as to bring

to the lungs just the requisite quantity of air,

in spite of rapid and enormous changes in the

volume of air required, is actuated by chemical

stimuli conveyed to the respiratory centre by

the blood which bathes it. The nervous or

other mechanisms by means of which the

activity of the heart and the distribution of

blood in different parts of the body are pro-

perly regulated have also been to a large

extent elucidated^,

It is not, however, in connection with

the nervous system only that co-ordinating

mechanisms have been discovered. It has

been known for long that chemical substances

produced by the activity of one organ are

conveyed by the blood to other organs, in

which they excite activity of such a nature as

to maintain the normal structure, composition

and functional activity of the body as a whole.

Thus the secretory action of the kidneys

varies according to the nature and amount
of the various substances discharged into the

blood, or withdrawn from it, by other organs.

If, for instancCj an excess of water is taken up
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from the intestines, it is rapidly got rid of

through increased excretion by the kidneys

:

while diminished excretion balances excessive

withdrawal of water from the blood, as by

sweating. The kidneys respond in a similar

manner to excess of urea, sugar, inorganic

salts, acids, or alkalies, etc., the result being

that the normal composition of the blood is

kept constant within small limits. Another

similar case is that of the liver, which forms

or discharges various important substances in

response to chemical stimuli conveyed through

the blood. Physiological investigation is con-

stantly discovering new cases in which the

activity of one organ is excited by the

chemical products of activity in other organs.

In all these cases the response follows the

stimulus, the cause the effect, with unerring

accuracy. Apart altogether from the nervous

system, therefore, the body is full of mech-

anisms for the co-ordination and control of

functional activity. The nervous system,

indeed, nas come in recent years to appear

much less important than was formerly

supposed in the co-ordination of physiological

activity ; and it seems to be only in cases
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where very rapid control is required that the

nervous system plays an important part.

It is not merely in the case of functional

activity that chemical stimuli play an im-

portant part: for evidence is now steadily

accumulating that the co-ordination of growth

and maintenance in different parts of the body

is dependent on the action of chemical sub-

stances conveyed from part to part by the

blood and lymph circulation, or by simple

diffusion from one contiguous part to another.

Some of the most striking evidence in this

direction has been afforded^y the extraor-

dinary effect on growth and nutrition which is

produced by removal or disease of such organs

as the thyroid gland or the pituitary body.

Absence of the thyroid completely arrests

growth, and influences in other ways the

normal structure of the body; but these effects

can be annulled by the administration of an

extract of the thyroid from another animal.

Hence even such a very small organ as the

thyroid produces chemical substances which

excite and control the nutrition of other parts.

Another well-known case is the influence

of changes in the generative organs on the
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growth and nutrition of distant parts of the

body. Although the evidence is, owing to the

great chemical and experimental diificulties,

accumulating but slowly at present, we cannot

doubt that the growth and maintenance of

every part of a^iving organism is controlled

by the chemical stimuli derived from other

parts, or from the environment.

_
There thus appears to be aa jdifficulty in

regarding a living organism as a complex

system of pEysico-chemical mechanisms^- each

of which is controlled by the rest in such a,

way that the normal structure and activity of

the organism is, under ordinary conditions,

maintained. We can, moreover, verify the

existence of these mechanisms, one by one, by

exact experiment ; and their actual existence

has already been verified in a large number of

instances. Hence the co-ordination of growth

and activity, as found in living organisms,

presents, in itself, no real difficulties for the

mechanistic theory.

We have still to account for the existence

of physico-chemical structures possessing the

marvellous characteristics of living organisms

—so different from anything found in the
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inorganic world. Here the genius of Charles

Darwin has provided an explanation in har-

mony with the mechanistic theory. No type

of organism can survive in which the physio-

logical mechanisms are not so constituted and

so co-ordinated that the organism is capable

of completing a life-cycle culminating in

the transmission of a similar structure to its

descendants. Those organisms and their de-

scendants which have varied in structure in a

direction which gives them a smaller proba-

bility of surviving will become extinct in the

fierce struggle for existence which prevails

everywhere among living organisms. On the

other hand, those which have varied in such

a direction as to give them a greater proba-

bility of surviving will increase and multiply,

displacing the inferior types. Hence by the

blind operation of natural selection through

countless ages higher and higher types of

organism will be produced.

The wonderful complexity, accuracy, and

co-ordination of the physiological mechanisms

found within the bodies of living organisms

can thus be accounted for on purely mechani-

cal principles. All that it is necessary to
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assume is that organisms transmit their struc-

ture to their descendants, but in such a manner

as to permit of slight variations, on which

natural selection then acts in such a way that

the structure is, generation by generation, more

and more perfected and elaborated. With
this perfecting of the structure which makes

for the survival of the species there, of course,

goes hand in hand the elaboration of the

mechanism needed for securing the inheritance

of the more perfect structure.

On the essential mechanism of hereditary

transmission, recent investigation, and par-

ticularly the work of Weismann, has thrown

a flood of light. The germ-plasm, from which

parent and offspring are alike developed, is,

we have now reason to believe, passed on

qualitatively unaltered, or almost unaltered,

from parent to offspring. It is constantly

increasing in amount by a simple process of

growth or quantitative increase; but as regards

chemical structure and composition it remains

the same. The offspring resembles the parent

for the simple reason that both originate from

material which is qualitatively identical, and

which is placed originally in qualitatively the
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same physical and chemical environment.

This being so, the only possible result is that

the ofTspring resembles the parent.

The actual origin of living organisms from

inorganic matter is still wrapt in mystery.

We have not yet succeeded in producing in

the laboratory anything really resembling any

known living organism. This, however, is

not to be wondered at, since all the organisms

which we at present recognise as such are

now known to be descended through count-

less generations from their first progenitors.

Throughout these countless ger\erations

natural selection has continuously acted,

gradually evolving a complexity of structure

which we can never hope to imitate by

laboratory experiments.

It is possible, nevertheless, to imagine

how life may have originated. We can now
form in the laboratory carbon compounds
with protein characters which approach in

some degree in complexity to the natural

protein compounds found in protoplasm

;

and we may assume that the first step to-

wards the origin of life was the formation by
natural means of some variety of protein
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material. The complexity of the protein

molecule is enormous, and its capacity of

entering into chemical or physical combina-

tions with other molecules is so great that in

it we seem to see the possibilities of the evolu-

tion of something possessing the primitive

characteristics of life. We can imagine such

molecules combining by aggregation until the

aggregate becomes unstable and divides into

two aggregates, each possessing all the original

properties of the first, and being capable of

similarly growing and dividing. If the con-

ditions are such that this process can go

on continuously, and that new protein can

constantly be produced, as is actually the case

in vegetable tissues, natural selection will soon

come into play, and the evolution of a less

imperfect, and more definite and complex,

form of organism will gradually take place.

Y)t A further part of the case for the mechan-

istic theory consists in criticisms of alternative

theories. The traditional opponents of the

mechanistic theory may be classed as either

vitalists or animists. The former maintain

€Kat the behaviour of living organisms is^ so

peculiar, and so different fjrpm anything met
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with in the inorganic world, that we must

assume that tte processes occurring in living

organisms are guided and determined by

some hon-pKysical factor best ^^^^ as the

* vital force ' or ' vital principle,' but in

recent times aj)pearing under various other'

names. This factor is assumed to act blindly

and unconsciously, and to be in action at all

parts of the body. The animists also assume

a non-physical factor ; and this they identify

with the soul, which is supposed, however,

to act sub-consciously. For the purposes

of the present argument the animists may,

perhaps, be classified along with the vitalists,

as the differences between them are for the

present purpose very small.

Although outspoken vitalism has now
become somewhat exceptional among biolo-

gists, or physiologists, and the prevailing

opinion is in favour of the mechanistic theory,

yet vitalism in a modified form seems to be

constantly cropping up in biological litera-

ture. The reasons for this are, in part at

least, fairly evident. We have only to look

back to the writings of some of the leading

advocates of mechanistic ideas in biology to
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see that in many instances simple mechanical

theories of various physiological processes

were put forward without sufficient experi-

mental evidence of their correctness. Sub-

sequent investigation has often shown that

these theories were incorrect, and this result

has seemed to be a justification for returning

to the prevalent vitalistic ideas of earlier

times.

As an instance of this we may take

Ludwig's early theory as to the process by

which urine is secreted. He supposed that

urine is separated from the blood in the

glomeruli of the kidney by a process of

simple filtration, and that the dilute liquid

thus formed is concentrated during its

passage down the tubules by a process of

osmosis, in which water passes from the

tubules back into the blood, leaving the fully

formed urine as a relatively concentrated

liquid which passes out towards the ureter.

This theory turned out, when experimentally

tested, to be far from correct. It is the cells

lining the tubules of the kidney which are

the active agents in the secretion of urine

;

and they act against osmotic pressure, picking
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out from the blood, and forcing into the

ducts of the tubules the various constituents

of urine. Such a mode of statement seems

to approximate very closely to vitalism,

although, as already pointed out, we have

only to presuppose the existence of suitable

intra-cellular mechanisms in the cells lining

the tubules in order to fit the observed facts

with the mechanistic theory of life.

As another instance we may take the case

of oxidation processes occurring in the living

body. It was formerly believed that physio-

logical oxidation is a comparatively simple

process, varying in rate, like ordinary oxi-

dations occurring outside the body, with the

supply of oxygen on the one hand, and of

oxidisable food-material on the other. When,
however, the matter came to be investigated

by Pfliiger and others, it was found that this

was not the case : for the supply of oxygen

and of food-material could be varied within

wide limits without altering the rate of

oxidation. Hence it was concluded that the

living cell regulates its own oxidation pro-

cesses, and, indeed, all chemical processes

occurring within it. This appears to be a



VITALISM 21

very vitalistic form of conclusionj for some

independent factor seems to be postulated

which regulates the chemical processes

occurring within cells. From the standpoint

of the mechanistic theory, however, all that

need be assumed is that the chemical pro-

cesses occurring within living cells are far

more complex than was at one time supposed.

For one thing, intra-cellular ferments or

enzymes seem to be largely concerned in

intra-cellular changes. If, therefore, oxi-

dations and other intra-cellular chemical

processes are dependent on the liberation of

enzymes, we can readily understand why
these processes do not increase or diminish

in the same manner as the simpler processes

commonly met with outside the living body.

By discovering the nature of the ferments

concerned, and the conditions determining

their liberation and mode of action, we may
hope to be able to give a complete physico-

chemical explanation of all the phenomena.

In any case, this seems to be the only line of

investigation likely to give fruitful results,

and nothing could be more futile than to

rest content with the theory that some
b2
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mysterious agency is at work, the nature

of which is beyond physical and chemical

investigation.

It is only what might be expected on the

Darwinian theory of natural selection that

the physico-chemical mechanisms within the

living body should turn out to be extremely

complex, since these mechanisms are the

product of natural selection acting through

countless generations; and it is folly to go

back to vitalism for the mere reason that

living organisms do actually turn out tq^be

very complex.
|

We must now examine the nature of the

assumption made by the vitalists, and consider

to what extent it corresponds with observed

facts. Vitalism raises no objection to physical

and chemical explanations applied in what

is considered their proper place outside the

intimate vital processes of living organisms.

It assumes, however, that these intimate pro-

cesses are guided or controlled by an influence

which is manifested only in living organisms,

and which acts in a manner wholly different

from anything known in the inorganic world.

The reason for making this assumption is
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that, living organisms seem everywhere to

present evidence of an autonomy of their own.

They seem to go their own way, and pur-

sue their own ends, in spite of all kinds of

disturbing conditions. In a physical and

chemical environment which is constantly

changing in one respect or another, they

develop or maintain certain characteristic

peculiarities of structure and activity, and

pursue a characteristic life-history* Mech-

anisms which would cause them to do this

under the. very varied conditions which they

experience seem hardly conceivable. Hence
we must assume in the case of each

organism the presence of some influence

which is constantly guiding in the right

direction the otherwise blind physical and

chemical processes within the living organism.

This assumed influence is best known under

the name of * vital force
'

; but such a name

is evidently unsuitable, as the word * force ' is

usually employed to designate physical and

chemical phenomena of a very different

character. The expressions ' vital jrincipleji^

or * entelechy ' (proposed recently by Driesch)

are more suitable.
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The manner in which the mechanistic theory

endeavours to meet the objections of the

vitalists has already been indicated, but will

be examined more closely in the second lecture.

Meanwhile let us see what are the objections

to vitalism.

Assuming the vitalistic theory, the simplest

observations show us that the action of the

vital principle is dependent on physical and

chemical conditions of environment, and on

the physical and chemical structure of the

organism. | If, for instance, the temperature

is too high or too low, or if the supply of

oxygen, or even of some inorganic salt, is cut

off, all characteristic signs of life soon cease.

The same is the case if the finer structure of

the living material has been seriously damaged

by physical or chemical agents. It is thus

only under certain limiting physical and

chemical conditions that the vital principle

can manifest itself Provided, however, that

these limiting conditions are present there

appears, at first sight, to be a wide field for

the manifestation of the influence of the

vital principle. If, for instance, a certain

minimum of oxygen or of food-material is
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present, the organism selects just what it

requires for its growth and maintenance, re-

jecting or excreting all that is superfluous.

Let us examine the matter more closely,

however. The further physiological investi-

gation is carried, the more clearly does it

appear that the co-ordinated action by which

different parts of an organism work together

for the maintenance of the whole depends on

chemical substances or physical disturbances

conveyed from part to part of the living

substance. The behaviour of each part is

not merely qualitatively, but also quantita-

tively dependent on these chemical and

physical influences. The respiratory centre

'

responds to the minutest alterations in the

partial pressure of carbon dioxide in the

blood, and the kidney to the smallest varia-

tions in the concentrations of water or

sodium chloride or hydrogen ions. Every-

where in the living body we^fijid^^^onl close

examination^ this close and accurate depend-

ence of ^itaT activity on the physical and

cheniicat conditions in the immediate gjivirpn-

ment. It is, therefore, only from an outside

and superficial point of view that there
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appears to be something in a living organism

which acts, within limits, independently of

the physical and chemical conditions of en-

vironment. The apparent autonomous selec-

tive action of the organism turns out to

be causally dependent in every detail on

physical and chemical conditions. The vital

principle, if it exists, is therefore determined

in its action by those conditions : we can

never isolate and clearly identify its action.

As a positive scientific working hypothesis it

is thus useless ; at the best it only serves to

express our ignorance of the exact means by

which the parts of a living organism are

caused to react in a certain manner to a given

physical or chemical change. This being so,

the advocates of the mechanistic theory may
well ask whether vitalism has any real

justification.

To illustrate the force of this question it

is only necessary to refer to the main argu-

ment for vitalism in the recent writings of

Driesch. As is well known he discovered

that in the earliest stages of embryonic

development the cells of the embryo may be

separated completely from one another, or
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their mutual arrangement may be completely

altered by mechanical means, and yet one of

the separated cells, or the disarranged collec-

tion of cells, may develop in a perfectly

normal manner. Here we have presumably

disarranged the normal mechanism for de-

velopment, and yet normal development

occurs. From this Driesch concludes that

a factor is present which acts independently

of physical and chemical stimuli, and which

he calls * entelechy,' and identifies with the

old * vital force.*

Now there is no evidence at all that each

cell, in growing and dividing in the one

particular manner which constitutes normal

development, is not determined by special

physical and chemical stimuli peculiar to its

position relatively to the other cells, and to

the external environment. We do not yet

know what these stimuli are ; but probably

no physiologist would doubt that they exist,

and will be discovered when our methods

are fine enough. Hence Driesch's argument

for an independent vital force breaks down

entirely.

A further objection to vitalism is that it
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implies a definite breach in the fundamental

law pf cpnseryation of energy. As already"

mentioned, every experimental investigation

has hitherto resulted in a verification of this

law in the case of physiological phenomena.

Any ' guidance ' of living organisms by the

vital principle would imply a creation or

destruction of energy; and this would be

the case even if the energy created in the

living substance were again destroyed before

it could escape to the outside, and so become

measurable. The reply that this creation or

destruction of energy may be extremely

small is not one which can satisfy a scientific

investigator. A principle which has been

verified again and again under all sorts of

conditions cannot be set aside except on

definite experimental evidence ; and this is

entirely lacking.

Still another objection to vitalism depends

upon the fact that in order to ' guide

'

effectually the excessively complex physical

and chemical processes occurring in living

material, and at many different parts of a

complex organism the vital principle would
apparently require to possess a superhuman
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knowledge of^thege processes. Yet the vitp^l

principle is assumed to act unconsciously.

The very nature of the vitaUstic assumption

is thus totally unintelligible. From this

point of view also the hypothesis is useless

:

for even if we cannot completely understand

a living organism by the aid of physics and

chemistry, we do not improve matters by

postulating an agency which is itself entirely

unintelligible.

In one form or another these objections

to vitalism have been urged repeatedly, and

there has been no satisfactory reply to them.

On the other hand, there have been very

effective retorts from the vitalistic side

against the mechanistic theory. It is not

these retorts that concern us at present, how-

ever, but the inherent untenability of the

vitalistic position. If the mechanistic theory

is wrong, this does not prove that the theory

of the vitalists is right, so that the objections

to vitalism lose none of their force.

Let us now try to sum up the position

reached at the end of this lecture. The
mechanistic theory of life has been stated in

outline. It evidently affords to biologists a
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perfectly clear working hypothesis—that the

peculiar phenomena of life are due to the

play of the physical and chemical environ-

ment on intra-protoplasmic raechanisms which

have been evolved through the influence of

natural selection acting for ages. If this

theory is correct, the aim of biology is to

unravel the mechanism ; and biology itself is

nothing but a branch of physics and chemistry,

which we may, if we like, distinguish as bio-

physics and bio-chemistry. The alternative

hypothesis of the vitalists has been shown to

be unproved, unintelligible, and practically

useless as a scientific working hypothesis.

In the next lecture the mechanistic theory

itself will be examined.



LECTURE II

CRITICISM OF THE MECHANISTIC THEORY

In the last lecture it was shown that the

position of the vitalists is wholly unsatisfac-

tory ; but it does not follow from this that the

mechanists are right ; and those engaged in the

observation of living organisms can hardly

escape feeling an instinctive distrust of the

mechanistic theory, in spite of the confidence

with which it has been urged upon the world

during the last fifty years. Somehow or other

a living organism never seems to^h6 a mechan-

ism, however often it may be called one. The

closer the examination, the more confirmed

does this impression become, always provided

that we are studying living organisms them-

selves, and not merely their dead bodies, or

material which has been removed from their

bodies,

' Apart from arguments of a general or philo-

31
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sophical character, the main strength of the

mechanistic theory arises from the fact that all

physiological activity is apparently dependent

on physical or chemical * causes.' Whether

the cause tie pKysTcal disturbance, heat, light,

or the presence of one or other of numerous

chemical substances, it is always something

definite. The physiologist, however, usually

calls the cause a ' stimulus,' and it must in the

first place be pointed out that in identifying

stimulus and response with physical or chemi-

cal cause and effect the mechanistic theory

makes a gigantic leap in the dark.

To make this matter clear, we may take one

or two examples. A minute and scarcely

measurable increase in the hydrogen ion con-

centration of the blood excites the respiratory

centre of a normal warm-blooded animal to

intense activity. Similar minute alterations

in the concentration of water, or sugar, or

sodium chloride, or hydrogen ions, have a

corresponding influence on the secretory

action of the kidney ; and cases of a similar

kind, where both growth and physiological

activity are similarly influenced, may be mul-

tiplied indefinitely.
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In all these cases the response depends upon

the * excitability ' of the responding tissue;

and when we examine the matter further we
find that the excitability is dependent on a very

large number of conditions, most of which are

presumably still unknown. Moreover, the

excitability varies in response to very minute

changes in the environment, just as is the case

with the original response to the stimulus.

The presence or absence of some blood-

constituent, normally present perhaps in only

the minutest proportions, may profoundly

affect the excitability of any tissue : or its

response may be modified or * inhibited ' by

excitation of other parts. It is true that

physiologists can obtain a constant response to

a given stimulus ; but this is only the case

if the conditions are 'normal.' In living and

intact organisms nature provides us with nor-

mal conditions. The more carefully the matter

is investigated, however, the more clearly does

it appear that * normal conditions ' designate

something of vast and unknown complexity.

The fact that such conditions should be realised

again and again in different individual organ-

isms, and in the same organism at different
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times, is so familiar that its extraordinary

character, from the physical and chemical

standpoint, usually escapes attention.

It may be urged that the immense complex-

ity and delicacy of the physical and chemical

conditions on which physiological responses

depend does not in itself furnish any reasons

for doubting the mechanistic theory of life.

This is doubtless true ; but the point must be

emphasised that in the case of stimulus and

response there is in reality no experimental

evidence whatsoever that the process can be

understood as one of physical and chemi-

cal causation. In the case of physiological

stimulus and response no real quantitative

relation can be traced between the supposed-

physical or chemical cause, and its effect.

When we attempt to trace a connection we
are lost in an indefinite maze of complex con-

ditions, out of which the response emerges. It

is of little use to point out that in many cases

the determining cause of a physical or chemical

change may be something very small as com-

pared with its effect. The turning of a switch,

or opening of a valve, or application of a tiny

spark, may, for instance, produce gigantic
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effects. In all these cases we can trace the

chain of cause and effect, whereas in the physio-

logical case we cannot. Let it be granted

that hope may be eptertaiiied of some day

tnteiiig the physiological chain. It is never-

theless clear that the existence of such

a hope, however confidently expressed, must

not be confused with evidence.^ In recent

years it has become the custom to speak

of the * mechanisms ' of physiological activi-

ties. Until these supposed mechanisms have

been actually discovered it would be better

not to use language which implies far

more than what our present knowledge

warrants.

The failure to be able to trace, at present,

the causal \chain between stimulus and

^ It appears to me that a very striking instance of this con-

fusion is furnished by the reasoning which runs through Pro-

fessor Loeb's recently published .essay on The Mechanistic

Conception of Life (Chicago, and Cambridge University Press,

1912). Thus after describing the observation that an un-

fertilised ovum may be excited to development by various

meansj such as placing the ovum for a short time in hypertonic

sea-water, or simply piercing its outer membrane with a needle.

Professor Loeb proceeds to draw the extraordinary conclusion
' that the process of the activation of the egg by the sperma-

tozoon, which twelve years ago was shrouded in complete

darkness, is to-da/ practically reduced to a physico-chemical

explanation/
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response implies equal failure in tracing the

stream of matter or of energy through a living

organism. We cannot tell what exactly be-

comes of the atoms and molecules which pass

into the body^—how far, or in what sense, they

are built up into the living tissue, or in what

way their potential energy is immediately

utilised. We must not mistake measurements

of the balance of matter or energy entering

and leaving the body, for information as to the

manner in which this stream passes through

the living tissues.

In the previous lecture we saw that in the

historical development of physiology there

has been a continuous accumulation of facts,

obtained by the application of physical and

chemical methods to physiological phenomena.

The limits which the vitalists have attempted

to set to this accumulation of knowledge have

been broken down again and again, and there

is no reason to suppose that there are any

limits. The leaders of the mechanistic phy-

siology have been completely justified to this

extent, and we may rest assured that to this

extent physiology will never go back on the

step which they took. Our knowledge as to
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physical and chemical conditions which deter-

mine excitation and excitability, taking these

words in their widest sense as applying to

the whole of the elementary phenomena

with which physiology and morphology deal,

has grown continuously, and will continue

to grow. No physiological or morphological

phenomenon is beyond investigation on similar

lines ; but the results of such investigation

are by no means identical with the gradual

establishment of a definite causal connection

between stimulus and response. There has

been much unconscious confusion on this

point.

We must now proceed to examine the

belief, at present very prevalent, that the

progress of physiology is leading to a gradual

verification of the mechanistic theory of life.

It has already been pointed out how depend-

ent the progress of biology, and particularly

of physiology, has been on that of physics

and^ chemistry. This undoubted fact has

been taken as evidence that physiology is

becoming a physical and chemical science,

and has commonly been coupled with the

assertion that with the help of these methods

c2
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great progress has been made in resolving

physiology into ' bio - physics ' and ' bio-

chemistry/

Now it does not follow at all that because

physiology makes use of physical and

chemical knowledge and methods it must be

nothing more than physics and chemistry.

All_jgpends upon the, ngiture of the facts

revealed by the use_of these lyi^thojis. We
migfirTas well argue that because physicists

and chemists make use of their sense-organs

and brains their science must be a branch of

physiology. The real question concerns the

nature and general tendency of the con-

clusions actually attained by physiologists, by

whatever legitimate means these conclusions

have been reached.

In surveying the general trend of physio-

logical progress it is somewhat difficult to

know where to begin. From the early modern

times we find the idea present that the

activity of some peculiar agency distin-

guishes living from non-living things. At
the time of Descartes, for instance, it was

generally held that apart from the conscious

animal spirit or soul, a living body is domin-
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ated by specific agencies known as the vital

and vegeta^tive 'spirits.'

Descar^s was the first to put forward a

thorough-going mechanistic theory of the

working and development of the animal

body. His De Homine and De Forma-

tione Foetus are works of great biological

interest, on account of their influence on

subsequent thought. The body is repre-

sented, in so far as physiological knowledge

extended at the time, as nothing but a piece

of mechanism ; and its development is also

represented as a simple mechanical process.

The animal spirits are depicted as a subtle

fluid separated and filtered off into the

ventricles of the brain by a purely mechanical

process. The afferent nerves are supposed

to be fine fibres leading up to the ventricles

of the brain and connected with valves open-

ing or closing the upper ends of the efferent

nerves. These latter are supposed to be

tubes conveying the animal spirits from the

ventricles. As a result of any sensory or

afferent stimulus the threads are pulled, and

the connected valves consequently opened,

with the result that the ' animal spirits ' rush
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down into the muscles supplied by the

efferent nerves, distending them and thus

causing them to shorten. According to the

arrangement of nerve-fibres or tubes, and

valves, one form of reflex action or another

follows any given sensory stimulus. The

chief motive power for the whole of the

mechanisms by which Descartes suggested

that the human body is worked and develop-

ment brought about was furnished by sup-

posed rhythmical expansions of the blood in

the heart, owing to chemical explosions.

The greater part of the physiology of

Descartes was extremely crude, and lacking

in experimental foundation. This crudeness

stands out in strong relief against the far

sounder, but at the same time far more

limited, observations and reasoning of Harvey,

whose writings had greatly influenced Des-

cartes, Nevertheless the mechanistic ideas

first put forward in a thoroughly systematic

form by Descartes have continued to influ-

ence biology up to the present day. \

If we trace the history of physiology on-

wards from the time of Descartes we find

constant conflict between mechanistic and
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non-mechanistic theories, with all sorts of

intermediate shades of opinion. The physi-

cal and chemical mechanisms assumed by

Descartes and others who succeeded him

were gradually proved to be non-existent or

non-effective, and new mechanisms took their

place. With each new discovery of structure

or function there came fresh modifications of

mechanistic theories, and fresh objections to

them. The discovery of respiratory exchange

in the latter part of the eighteenth cen-

tury, the subsequent general application of

chemistry in physiological investigation, and

the introduction of the compound microscope

early last century, were potent factors in this

development.

Up till nearly the middle of last century

the prevailing physiological opinions were on;

the whole more or less vitalistic, and they are\

fairly reflected in Johannes Miiller's famous

text-book of physiology. Physical and

chemical explanations of all processes occur-

ring outside the actual living substance of the

body were freely accepted, for instance, for

all that happens in the liquids enclosed with-

in the body and for its external mechanism
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generally. The finer regulation of growth,

nutrition, muscular and nervous functions,

was believed to be regulated by the * vital

force.' Miiller had himself taken a prominent

part in disproving by his microscopical ob-

servations on glands the mechanistic theories

previously prevailing with regard to secretion,

and his numerous observations on growth

and development had led him in the same

direction.

Among the younger physiologists about

the middle of the century there arose, how-

ever, a very strong reaction against vitalism

and in the direction of mechanistic theories.

Schwann, the discoverer of the fact that the

bodies of the higher animals are made up of

cells, believed that ht had also discovered

that cells are deposited from the body liquids

by a process akin to crystallisation. This

hypothesis, of course, struck at the very roots

of vitalism. Within the next few years

attack after attack was aimed at all the

apparent strongholds of vitalism. Du Bois

Reymond published observations pointing to

an electrical theory of propagation of nerve

impulses; Ludwig and others devised new



THE MECHANISTIC MOVEMENT 43

mechanical theories of secretion and absorp-

tion ; Liebig, though himself 'a vitalist, put

forward purely chemical theories of various

physiological processes; Mayer pointed out

the source of the energy of animal move-

ment ; and last of all came the publication

of Darwin's Origin of Species.

Vitalism itself was also vigorously and

directly attacked, and its utter weakness

pointed out. Perhaps no more clear and

convincing demonstration of the untenability

of the vitalistic position has ever been given

than in du Bois Reymond's introduction to

his Untersuchungen iiber tkierische Elektricitat

published in 1848.

The momentum of the intellectual move-

ment of that time has lasted to the present

day, and the influence of this movement has

spread in ever-widening circles. But we are

not concerned with this, nor with the fate of

vitalism, but with the further progress of the

experimental verification of the mechanistic

theory. From this standpoint all that can be

said is that the mechaiiistic th

whole, fared very badly. Schwann's simple

mechanical theory of growth was based on
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imperfect observation, and has long been

abandoned. We now know that all cells

are formed by division of pre-existing cells,

and that the problem of the^process of cell-

growth and cell-nutrition is not one whicF

we have at present any prospect of solving

in a mechanistic dirgfijtion. Nor is it any

better with the problems of secretion and

absorption. Thanks to the work of Ludwig

himself, of Heidenhain, and a host of other

investigators, we now know far more than

was known at the middle of last century

about secretion and absorption ; but their

' mechanism ' is further away than ever.

When Johannes ITuller'^^uggested that the

processes of secretion and absorption are

akin to the processes of growth he was

doubtless far nearer the truth than his

immediate successors : for secretion and

absorption are evidently only phases of the

many-sided metabolic activity which we
designate by the name of cell-life. We have

made great progress in learning how many-

sided7 and h9w orderly ,^. this celLlife.is, but

none at all in explaining how this life is

ordered and maintained.
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The simple chemical theories of the re-

spiratory and other metabolic processes

occurring in the body have likewise dis-

appeared. The work of Pfliiger, Rubner, and

others has proved that in the living body

all these processes are regulated with the

utmost nicety, and that the seat of the

regulation lies within the living cells of

the body. By what physical or chemical

process regulation is brought about we do

not know. We have not even discovered

the agents employed in the process, although,

as already pointed out, there is reason to

believe that, in many instances at least, these

agents are intra-cellular enzymes.

It has become evident also, that no simple

physico-chemical theory of muscular or other

physiological movements will suffice. The

processes which determine visible movement,

or transmission of excitation in living cells,

are an integral part of the many - sided

activity of the living cell, so that the

elementary problems of physiology cannot

be solved piecemeal. A physico-chemical

explanation of muscular movement, or of

secretion, or cell-nutrition, or nervous excita-
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bility, would thus be a solution of the whole

problem of life. With every year of physio-

logical advance, however, we seem to get

further and further away from any prospect

of such a solution. It was only through the

prevailing ignorance of physiological facts

that the physiologists of the middle of last

century imagined that they were approaching

a physico-chemical solution of elementary

physiological problems. To us Schwann's

theory of cell-growth seems almost as crude

as Descartes' extraordinary theory of the

mechanism of growth and development.

In the physiology of the central nervous

system the main progress during the last half-

century has been in connection with the

localisation of function and tracing of paths

of physiological connection. Until recently,

at least, but little has been done in the

direction of a thorough examination of the

elementary problems presented by the

simplest cases of ' reflex ' action. The work

of Sherrington and others is now, however,

throwing new light on these problems, and

it seems quite clear that the old idea of simple

and definite ' reflex mechanisms ' in the
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central nervous system must be abandoned.

In the nervous system physiologists are also

faced with the problem presented by the re-

coveries of functional activity after destruc-

tion of centres or nerve paths on which this

activity normally depends. In the case of

other parts of the body this recovery of

function is also evident enough ; but in the

central nervous system differentiation of

function is so ^eomplex and definite that

recovery of functions stands out as a fact

of extraordinary interest and significance.

For this phenomenon it is difficult to imagine

any physico-chemical explanation. - —'

To sum up, the application to physiology

of new physical and chemical methods and

discoveries, and the work of generations of

highly-trained investigators, have resulted in

a vast increase of physiological knowledge,

but have also shown with ever-increasing

clearness that physico-chemical explanations

of elementary physiological processes are as

remote as at any time in the past, and that

they seem to physiologists of the present time

far more remote than they appeared at the

middle of last century.
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Probably no cojtnpetent physiologist will

deny this. But, it will be urged, it is only what

might be expected that vital mechanism, the

product of untold millions of years of natural

selection, should be extremely complex ; and

the fact that it is so affords no real ground for

doubting the mechanistic hypothesis. There

are many phenomena in inorganic nature which

we do not yet understand, but we do not for

that reason regard them as having other than

physical and chemical causes.

We must now push our examination a

stage further. Let us assume that all the

delicate and persistent reactions met with

in the living body are due to intra-

cellular mechanism produced by natural

selection or in any other way, and see

whether this assumption will help us to

understand the facts. First of all, let us be

clear about what such an assumption implies.

Those who have not studied the physiology

of the higher and better-known organisms,

such as man or some mammal, have often

very little conception of the exquisite delicacy

of physiological reactions. This delicacy

was hardly even suspected in former times.
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Eustachius, who was probably the first to

make experiments on secretion by the

kidneys, contented himself with taking a

dead, and probably decomposing, kidney,

and passing through its blood-vessels such

liquids as spirits of wine or water, and

observing how much of these liquids issued

into the ureter 1 It is only quite recently

that we have come to realise the astounding

fineness with which the kidneys, respiratory

centre, and other parts regulate the composi-

tion of the blood.

To illustrate this point 1 may perhaps refer

to a subject which we have recently been

investigating at Oxford. We have found

that the respiratory centre is so extremely

sensitive to any increase or diminution of the

partial pressure of carbon dioxide in the blood

that a diminution 0*2 per cent, of an atmo-

sphere, or 1*5 mm. of mercury will cause

apnoea, while a corresponding increase will

double the breathing. The recent researches

of Hasselbalch have afforded experimental

evidence of what had already seemed very

probable—that the stimulus to which the

centre responds is the difference in hydrogen
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ion concentration, or acidity, brought about

by the very slight deficiency or excess of

carbon dioxide. He has also investigated

quantitatively the effects on the hydrogen

ion concentration of the blood of varying the

partial pressure of carbon dioxide. From his

results and ours it follows that the hydrogen

ion concentration of the blood during rest

is extraordinarily constant, and remains so

day by day and year by year. As the amount

of acid and alkali passing into the blood from

the food and other sources is constantly

varying, it follows that the regulation of

hydrogen ion concentration is mainly brought

about by the kidneys. It has been known

for long that the urine varies in acidity or

alkalinity according to the diet ; but Hassel-

balch has measured the actual variations in

hydrogen ion concentration. Putting to-

gether his conclusions and ours, it appears

that during ordinary resting conditions the

variations in hydrogen ion concentration of

the urine are about a hundred thousand times

as great as those of the arterial blood.

Thus the kidney epithelial cells react so

delicately to variations in hydrogen ion con-
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centration of the blood, that the very smallest

variation in the direction of acidity or alka-

linity excites them to excrete a liquid which

is, relatively speaking, intensely acid or alka-

line, the net result being that the normal

hydrogen ion concentration of the blood

remains practically constant.

When we have such figures before us

we realise the marvellous fineness of the

regulation by the kidneys and respiratory

centre. Physiologists are still so much under

the influence of the old gross mechanical

theories of secretion that attempts at exact

measurements of the delicacy of regulation

by the kidneys have hitherto scarcely been

made in the case of regulation in other

directions, though we have every reason to

believe that similar delicacy exists as regards

the regulation of the water, salts, and other

blood constituents. It is hard to realise that

something which looks under the microscope

like nothing more than a somewhat indefinite

collection of gelatinous material can react, and

continue throughout life to react, true as the

finest mechanism of highly tempered steel,

to the minutest change in its environment.
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We meet with the same delicacy of adjust-

ment in the regulation of such things as body-

temperature,blood-volume, or heat-production.

So accurately does the body adjust its con-

sumption of oxygen and of food-material to

its energy requirements that it can actually

be used, as Rubner found, as a calorimeter;

for it substitutes consumption of proteins,

carbohydrates, and fats for one another in

exact proportion to their energy values as

determined with a calorimeter. In Liebig's

time this delicate regulation was altogether

unknown. It was supposed that any excess

of protein simply ' fell a prey ' to oxygen, and

that if the oxygen percentage of the air

was increased, or even if the amount of air

breathed was increased, or the barometric

pressure was raised, oxidation in the living

body would increase, just as in the oxidation

of substances outside the body. By accurate

measurements of the intake and output of

material and energy the true facts as to the

rigid accuracy with which metabolism is regu-

lated have gradually been established during

the last fifty years.

We must, therefore, in considering the
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mechanistic theory, put aside from our minds

all the hazy ideas of former generations as to

the structure of living cells being nothing but

that of an indefinite ' plasma.' Such ideas

belong to the early childhood of physiology.

We now know that * simple protoplasm

'

exists nowhere, not even among the most

primitive protozoa or bacteria. Modern in-

vestigation of the complex and intensely

specific functional activities of every variety

of living organism or cell has relegated the

old ideas, derived from mere microscopic

examination, to oblivion, '^ What the meclr-"'

anistic theory must assume in the case of an

organism such as man is a vast assemblage

of the most intricate and delicately adjusted

cell-mechanisms, each mechanism being so

constituted as to keep itself in working order

year after year, and in exact co-ordination

with the working of the millions of other

cell-mechanisms which make up the whole

organism.

This assumption is surely one which taxes

scientific imagination to the utmost,^ but let

us make it and continue the argument. We
haye now to imagine the mechanism of repro-

d2
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duction and heredity. This vast organisation

of cell-mechanisms has all been developed

from a single cell, itself the product of the

union of two cells—an ovum and a sperma-

tozoon ; and we have every reason to believe

that the hereditary characters, which are

derived through both cells, are carried in the

two nuclei which unite to form the nucleus

of the fertilised germ-cell. On the mechan-

istic theory this nucleus must carry within

its substance a mechanism which by reaction

with the environment not only produces the

millions of complex and delicately balanced

mechanisms which constitute the adult organ-

ism, but provides for their orderly arrange-

ment into tissues and organs, and for their

orderly development in a certain perfectly

specific manner.

The mind recoils from such a stupendous

conception ; but let us follow the argument

further. In the previous lecture I gave such

an account of heredity as is usually given

from the mechanistic standpoint. It needs

very little consideration to see that this

account consisted of little more than empty

words. The germ-plasm was supposed to be
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nothing more than a collection of material of a

certain composition^ and capable, in a suitable

environment, of /indefinite quantitative in-

crease or growth. Parent and offspring were

supposed to be similar because they had both

sprung from germ-plasm of the same com-

position. This germ-plasm could be added

to, divided, or mixed with other germ-plasm

in sexual reproduction, just as if it were so

much treacle.

It seems perfectly clear that germ-plasm of

so simple a character as this could by itself

furnish no explanation whatever of the de-

velopment from it of the adult organism with

all its enormous complication and absolute

definiteness of structure. If the germ-plasm

were so simple, the complication and definite-

ness would have to be attributed to its

environment : whereas all the evidence points

to the nuclear germ-plasm as the essential

carrier of hereditary characters. We are thus

compelled, on the mechanistic hypothesis, to

attribute to the germ-plasm, or germinal

nuclear substance, a structure so arranged

that in presence of suitable pabulum and

stimuli it produces the whole of the vast and
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definitely ordered assemblage of mechanisms

existing in the adult organism. Such a

structure must be absolutely definite and

inconceivably complex. There is no escape

from this assumption ; and to speak of

' plasma ' when we mean such a structure is

clearly absurd.

This nuclear structure or mechanism must,

according to the mechanistic theory, have

been formed within a very short period by

the union of two others—a male and a female

one. How two such mechanisms could com-

bine to form one is entirely unintelligible,

and the observed details of the process

tend only to make it, if possible, more un-

intelligible. When we trace each nuclear

mechanism backwards we find ourselves

obliged to admit that it has been formed

by division from a pre - existing nuclear

mechanism, and this from pre - existing

nuclear mechanisms through millions of cell-

generations. We are thus forced to the

admission that the germ-plasm is not only

a structure or mechanism of inconceivable

complexity, but that this structure is cap-

able of dividing itself to an absolutely
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indefinite extent and yet retaining its original

structure.

. We might, perhaps, get over the difficulty

for a generation or two of cells, by assuming

that the germ-plasm contains, not one, but

several nuclear mechanisms, and that only

one of these mechanisms comes into play at

each reproduction, others being left to form

the germ-plasm of the next generation, or

otherwise to provide for emergencies. As a

matter of fact, a theory of this kind has been

put forward in order to account for the fart

that, as has been shown so clearly by Driesch

and others, not only the germ-cells, but also

other cells in the developing embryo, or even

in the adult organism, may, on occasion, give

rise to the reproduction of a whole organism.

It has been supposed that parts of the original

germ -plasm, or, in plain English, nuclear

mechanisms capable of giving rise to the re-

production of a whole organism, may and do

pass into ordinary somatic cells, as well as into

the direct line of future sexual reproductive

cells. \

This far-fetched hypothesis only makes

matters worse for the mechanistic theory of
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heredity ; for we have to account, not for only

one, but for a large number of stupendously

complex reproductive mechanisms within the

original germ-plasjn, and for their endless

divisioi\ind multiplication, ^he real difficulty

for the mechanistic theory is that we are

forced, on the one hand, to postulate that the

germ-plasm is a mechanism of enormous

complexity and definiteness, and, on the other,

that this mechanism, in spite of its abso-

lute definiteness and complexity, can divide

and combine with other similar mechanisms,

and can do so to an absolutely indefinite

extent without alteration of its structure.

On the one hand we have to postulate

absolute definiteness of structure, and on

the other absolute indefiniteness.

There is no need to push the analysis

further. ! The mechanistic theory of heredity

is not merely unproven, it is impossibly It

involves such absurdities that no intelligent

person who has thoroughly realised its

meaning and implications can continue to

hold it.

It may, perhaps, be argued that although

a mechanistic theory of reproduction appears
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to be impossible, this need not affect the

practical value of the mechanistic theory in

biology. In ultimate analysis the ordinary

working conceptions of physics and chemistry

present great difficulties ; but no one doubts,

for example, the practical value of the

hypotheses of mass, energy, atoms, and

molecules. Similarly, there may be ultimate

difficulties about a mechanistic theory of life,

and yet the practical value of this theory

may remain.

y There is certainly some truth in this

argument. We often treat a living organism,

or some portion of it, as if it were nothing but

a collection of ordinary matter, or a machine

actuated by the ordinary forces ot nature. As
will be pointed out more fully below, this

mode of treatment is sometimes the best

that is practicable, and its value cannot be

doubted. In so treating the facts we are,

however, leaving out of account almost all

those phenomena which are apparently specific

to living organisms, and with which biology

mainly deals.,/ In actual fact the failure of

the mechanistic theory of reproduction cuts

deep into our conceptions of almost every
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detail of biological fact and investigation.

Biology deals at every point with phenomena

which, when we examine them, can be re-

solved into metabolic phenomena—exchange
of material and energy, as exemplified in

growth, development, maintenance, secretion

and absorption, respiration, gross movements

in response to stimuli, and other excitatory

processes. Now metabolism is itself a con-

stant process of breaking down and reproduc-

tion of what is living. There is no" reason

for separating the reproduction of a whole

organism from the constant reproduction of

parts of it in ordinary metabolic process.

Hence our conception of heredity involves

every part of biology ; and if we cannot frame

a mechanistic theory of heredity we are

equally at a loss in connection with the

ordinary phenomena of metabolism, and we
have no right to use mechanistic hypotheses

in connection with these phenomena. We
have also seen already that the ascertained

facts do not in any case point to mechanistic

theories of the ordinary activities with which

biology deals.

As a physiologist I can see no use for
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the hypothesis that life, as a whole, is a

mechanical process. This theory does not

help me in my work ; and indeed I think it

now hinders very seriously the progress of

physiology. I should as soon go back to

the mythology of our Saxon forefathers as

to the mechanistic physiology.

Although the mechanistic theory of life

will soon become a matter of past history,

there can be no doubt that it has filled an

extremely valuable part in the development

of physiology. Again and again mechanical

theories of one sort or another have served

as temporary working hypotheses round

which experimental investigation has centred

in physiology. This has been as true of

the grosser mechanical hypotheses of the

seventeenth century as of the more refined

physical and chemical hypotheses of later

times. The merit of these hypotheses has been

that they were capable of either verification or

disproof, whereas the vitalistic theories have

been incapable of being experimentally tested,

Let us try to see why the latter has been the

case. The vital force was conceived as some-

thing acting 'from the blue' on ordinary
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matter, and yet as not acted on itself. Its

presence could only be verified through the

failure of physical and chemical explanation

of certain very striking phenomena, namely

the development and maintenance of a certain

specific structure and certain specific activities.

In so far as any fact connected with life could

be explained on physical and chemical grounds

the vitalists were at one with the mechanists.

In so far as physico-chemical explanation

failed they attributed the phenomena to the

intervention of the 'vital force.' Thus their

dualistic working hypothesis fitted the facts

in whatever way they turned out, so that the

stimulus afforded by one definite hypothesis,

which could be either verified or disproved,

was absent. But as they admitted the

hypotheses of physics and chemistry with

regard to the material and atomic constitu-

tion of the universe, and based all their

observations and methods on these assump-

tions, the natural consequence was that in

matters of experimental detail they always

found themselves dealing either with what

appeared to be physical and chemical

phenomena or with something unintelligible.
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In detail, therefore, the sphere of action of

the ' vital force ' was a dim and misty sphere

of unintelligibility—a purely negative sphere.

So far as anything definite could be traced

on the confines of this sphere it was some-

thing physical or chemical, and beyond this

was indefinite mist. Where and how the

* vital force ' acted on the atoms or molecules,

or what exactly became of them, no one could

say ; but out of the mist they seemed to

appear again, once more in the form of atoms

and molecules obeying physical and chemical

laws, but ordered in such a specific and

unmistakable manner as to indicate that

within the sphere of indefinite mist some

mysterious factor was at work. As, however,

the only definite detail was physical and

chemical detail, the mechanists were left in

possession of all that could be positively

investigated in detail.

The mechanists have contended that the

misty sphere is only the mist of our ignorance

of the physical and chemical conditions, and

that year by year this mist is being gradually

dispelled by the advance of physiological

investigation. We have seen already that
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this is a complete illusion. The advance of

investigation has only served to make the

misty sphere more evident ; and not only does

it exist, but there is not the remotest chance,

as we have just seen, that physical or chemical

investigation will ever dispel the mist. The

phenomena of life are of such a nature that

no physical or chemical explanation of them

is remotely conceivable.

Let us try to get to grips with this matter.

What is the real cause of the helpless position

in which biology finds herself ? The mechan-

istic hypothesis has been the only one of the

two which seemed inherently capable of

helping us positively in the details of biologi-

cal investigation ; and yet this hypothesis is

unmistakably a failure in relation to biologi-

cal investigation as a whole ; and the vitalistic

theory, if one can call it a theory, is only a

way of registering this failure, and does not

help us to a real understanding.

The main outstanding fact is that the

mechanistic account of the universe breaks

down completely in connection with the

phenomena of life. Whether it is not also

insufficient in connection with phenomena
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outside what we at present regard as life is

a further question which need not be discussed

at present. When any hypothesis fails to

correspond with facts it is the hypothesis

which needs reconsideration. In the next

lecture the physico-chemical hypothesis with

regard to our experience generally must first

be examined, after which we must consider

whether no other hypothesis will fit the

facts. It may be that the practical failure of

vitalism has depended on the fact that the

vitalists have accepted without criticism the

physico-chemical account of our experience,

and have thus placed themselves in a position

in which they are powerless to help biological

investigation.



LECTURE III

BIOLOGY AND THE PHYSICAL SCIENCES

At the end of the last lecture we were led up

to the question as to how far the interpreta-

tion assumed by the physical sciences in their

account of the visible and sensible universe is

valid. This is evidently a very wide question,

involving far-reaching philosophical discus-

sion. Yet the reason why such a discus-

sion cannot be shirked is evident. We found

that in the case of life the facts are incon-

sistent with the physical and chemical account

of phenomena. We, therefore, cannot adopt

the attitude that whatever may be the ulti-

mate truth about the universe the ordinary

working hypotheses of physics and chemistry

are sufficient for the immediate purposes of

our work as physiologists. We must probe

more deeply.

At the present time there is a widespread
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prejudice against philosophical or * metaphysi-

cal ' discussions. It is asserted, for instance,

that system replaces system in the history of

philosophy, and no abiding truth is arrived at.

The efforts of philosophers are thus vain, and

practical men would do well to disregard

completely all metaphysical speculation.

Such teaching is unworthy of every tradi-

tion which has helped to raise us from the

level of primitive savages. Even if it were

true that philosophical speculation has hitherto

led to no definite result, we should not be men
if we gave up the quest after truth. It is

only, however, a shallow and ignorant mind

that sees in the history of philosophy nothing

but a series of systems, each as bad or as good

as the other, and succeeding one another like

the * turns' in a music-hall entertainment.

The progress of philosophy has been just as

continuous as the progress of science, and the

history of philosophy appears to be a meaning-

less succession of systems to those only who
have never taken the trouble to understand

them.

To philosophers the meaning of that

appearance of physical reality with which we
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are so familiar has been a constant subject

of investigation, and we must consider as well

as we can what light they have thrown on

the particular problem before us. We must,

therefore, try to trace the reasoning which, in

its successive developments, has guided them.

When we regard the conception of the

visible and tangible universe as it is presented

to us by the physical sciences we find that it

not :>nly stands the most searching laboratory

tests, but that it also stands the tests of

practical experience of a very wide kind. The

engineer, the manufacturer, the navigator, the

soldier, the lawyer, can apparently rely upon

it absolutely. B'lt philosophy points out that

if it corresponds to absolute reality it must be

consistent with the whole of our experience

;

and first and foremost it must be consistent

with our own conscious relations to it, which

have, after all, been entirely left out in the

laboratory and other tests.

At first it may seem simple enough to say

that we are conscious of the physical world.

It is there, plainly before us. But then comes

the reflection that the appearance can only be

transmitted to us through our sense organs
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and sensory nerves. All that we immediately

perceive can only be sensory disturbances

of some kind, from which we infer the exist

ence of the physical reality outside. This is a

necessary, but also a fatal admission : for what

right have we to draw such an inference?

Absolutely none, as Bishop Berkeley first

pointed out. We have no right even to call

our sensations impressions, or to regard

ourselves as anything more than a stream of

sensations. The appearance of a sensible

world, with our bodies present in it, can be

nothing but an appearance due to the manner

in which the sensations group themselves.

The appearance of substantiality or of cause

and effect can be due to nothing else but the

mysterious fact that certain sensations are

associated together or follow one another in

a certain order. Such was the reasoning of

David Hume ; and his inferences follow

inevitably if we start with the provisional

assumption that the physical world as science

represents it to us has absolute reality. If it

has, then we cannot possibly know it ; and all

our supposed knowledge is nothing but the.

illusion which Hume described.

e2
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There is no flaw in the reasoning of

Berkeley and Hume, absurd as may seem

the conclusions which they reached. The

flaw is in the premises, and particularly in

the assumption from which the reasoning

originally started, that the world is some-

thing self-existent and outside us, as physical

science appears to teach. This assumption

simply destroys itself, leaving nothing but the

sceptical conclusions of Hume.
How long will it be till the world, and

particularly the scientific world, begins to

take in the significance of David Hume's

reasoning ? His body has lain quiet at the

foot of the Calton Hill in Edinburgh for

nearly a hundred and forty years ; but the

old ideas which he finally showed to be un-

tenable are still popularly accepted, just as if

he had never lived. To those who imagine

that the secrets of our existence are likely

to be revealed in, say, the latest discoveries

in colloid chemistry, I would commend a

careful perusal of Hume's Treatise ofHuman
Nature.

Whether we take the ordinary popular

view, as taught by the theologians, that the
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soul is a non-material entity situated during

life within a material body in a material

world, or else adopt the mechanistic theory

that there is no soul, but only a series of

* states of consciousness* lighted up some-

how or other within a material brain, we
cannot escape Hume's destructive criticism.

This criticism destroys utterly the assumption

of a universe of self-existent things.

But the appearance of knowledge of our

universe and all that it contains does certainly

exist and must be accounted for. The task of

accounting for it was taken up by Immanuel

Kant, who carried us far beyond Hume.
Kant did not satisfy himself with Hume's

account of the data of consciousness as a

stream of isolated impressions or sensations,

cohering or associating themselves with one

another in a manner of which we can give

no ultimate account. He proceeded to ex-

amine carefully the nature of sensation or

perception. One thing which he found was

that sensations never do exist in isolation from

one another, but that each carries with it a

reference to other sensations. A sensation,

if it is distinguishable at all, is here and now.
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This means that it is given in relation to past,

future, and co-existent states of consciousness

which are indissolublyunited with one another.

Moreover, each distinguishable element in

experience bears with it its relation to the

others in a certain order. Were there no such

definite relations of sequence and spatial in-

terconnection there could be no perceptipn

or experience at all : the ' hereness ' and
* nowness ' of each element in experience

would be impossible. Hence spatial and

temporal relations, causal sequence, substan-

tiality, and the other general ideas by the

existence of which our experience is ordered,

are all given to us in the simplest elements

of experience. The supposed possibility of

analysing our perceptions into elements con-

sisting of ' simple ' unrelated sensations or

* states of consciousness,' is an illusion. There

are no such things as unrelated sensations.

Now this, of course, does not imply that

the whole visible universe is given to us as

an intelligibly connected system as soon as we

open our eyes. It does mean, however, that

from the beginning the outlines of such a

system are present, however dim and indefinite
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the details may be. It means also that be

tween ourselves and the world round us, an<

between the various things which we find ii

the wtJild, there is no ultimate separatenes

of existence such as seems to be assumed ii

the ordinary physical conception of the world

All are parts of one inseparable whole.

This is a conclusion of such stupendous an<

far-reaching import that it may need centurie

for the world to take it in and even diml;

realise its implications, and where it lead

us to. Sooner or later, however, it will bi

realised that the materialism of the nineteentl

century has been nothing but an insignifican

eddy in the stream of human progress. Ii

Kant's writings his thought was evidently

trammelled by the difficulty of realising hov

great a leap forward he was making. Hume'
scepticism had not completely done its worl

in his mind, for he still postulates the existenc(

of a so-called noumenal world of things-in

themselves which are the unknowable caus<

of the constant newness and variety in ou:

experience. He also retains the idea of finit<

individual minds, each armed, as it were, witl

general ideas or ' categories ' which conver
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into the orderly system of our experience the

impressions caused by the noumenal reality.

His immediate successors pointed out that

there was no reason left for assuming the

existence of things-in-themselves outside of

us. These supposed existences are nothing

but the ghosts of the world of independently

existing matter which Hume had shown to

be non-existent. The supposed separately

existing finite minds are also not proof against

Hume's criticism. We must account other-

wise for all the variety and ' contingency

'

of our universe. Both the external world of

things and the spiritual world of persons have

their existence, somehow or other, in only one

Supreme Existence. In the efforts to show

in detail how this is so the philosophical

movement initiated by Kant exhausted itself

for the time; but we shall have occasion to

return later to these efforts.

We must now look somewhat more closely

at Kant's account of how the sensible world

comes to appear to us as it does, and what

bearing his conclusions, and those of his suc-

cessors, have on the great biological problem

which is the main subject of these lectures.
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Kant enumerated definitely the * categories

'

or general ideas under which he believed that

our perceptions are ordered. This list seems

very artificial, and is based on the old formal

logic, but it includes the ideas of substance,

cause and effect, and reciprocal action—the

ideas of the physics of Kant's time. He him-

self, it may be remarked, was a physicist and

mathematician of no mean repute. The list

limits perception to the perception of a purely

physical world, such as the physical sciences

described, and he had no special category

for living organisms. On Kantian principles,

therefore, a living organism can only be per-

ceived as a material structure or mechanism.

In this respect, Kant was at one with the

mechanistic school of biologists. For him,

however, the reason why we must perceive

organisms as mechanisms is not because they,

in themselves, are mechanisms, but because

the mind is so constituted that it can only

perceive them as mechanisms.

Kant's successor, Hegel, pointed out that

his list of categories was incomplete in

various directions: also that a special cate-

gory or categories ought to be added
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for organic life, as the idea of life is

one of the fundamental ideas. There is

no reason why a category or general

conception of life should not be just

as much constitutive df our experience as

the category of substance. Here,, there-

fore, we have a possible way out of our

difficulties with the mechanistic theory of

'life. In trying to reduce life to physical

and chemical mechanism we are perhaps

in some way confusing two different cate-

gories. Kant's general philosophical con-

clusions have in any case thrown a quite

new light on our conceptions of the physical

world, and have taught us that the validity of

these conceptions is of a very different nature

from what was previously believed. It may
be that just as we cannot base physics on the

purely mathematical conceptions of exten-

sion, so we cannot base biology on the

purely physical conceptions of matter and

energy. With these possibilities in mind let

us return to a discussion of the facts which

biological investigation discloses.
\

What we have first to ask is whether, as a

matter of fact, we habitually use, in dealing
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with the phenomena of life, a fundamental

conception or working hypothesis which is

different from the fundamental conceptions

of the physical sciences, and cannot be

reduced to them. The question, for the

moment, is not whether we are justified in

using such a conception, but whether we
actually do use it. When this question is

clearly realised there is, it seems to me, but

one answer to it, and that in the affirmative.

In dealing with life we not only use a whole

series of special terms, but these terms appear

to belong to a specific general conception

which is never made use of in the physical

sciences.

Life manifests itself in two ways—as struc-

ture and as activity. But we also recognise

—

a biologist feels it in his very bones—that this

is living structure and livirig- activity. Each
part of the structure not only bears a more or

less definite spatial relation to the other parts,

but it is actively maintained in that relation.

The structure is thus in itself the expression

of the activity, and the ceaseless metabolic

activity of which visible structure is the

sensuous expression forms one department of
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physiological study—that of nutrition. But

the more closely living activity in general is

examined, the more clear does it become that

all living activity is structural or metabolic

activity, either directly or indirectly. The

changes in the retina when light falls upon it

are metabolic or structural activities. The

same is true of the activities of nerve cells,

muscle cells, gland cells, or any other living

cells; and the gross visible movements of

the body, no less than its gross visible struc-

ture, are but the outer sign of metabolic

activity.

The body can also be affected mechanically

or chemically by influences from without

;

but effects so produced are of not the

slightest interest to a. biologist, except in so

far as they may be connected with living

activity. .

The living structure is evidently organised :

that is to say Ievery pggrt of it bears a definite

relation to every other part. As, however,

the structure is the outcome of metabolic

activity, it follows that the. metabolic activity

of the living body is also organised, every

aspect of it bearing a definite relation to
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every other aspect. That this is actually so

has become more and more clear with the

advance of physiology, particularly in recent

times. The fundamental mistake of the

mechanistic physiologists of the middle of

last century was that they completely failed

to realise this. Such processes as secre-

tion, absorption, growth, nervous excitation,

muscular contraction, were treated as if each

was an isolable physical or chemical process,

instead of being what it is, one side of a

many-sided metabolic activity, of which the

different sides are indissolubly associated.

q^ The relation of the living organism to its

environment is no less peculiar and specific

than the relationship of the internal parts and

activities of the organism itself. Between

organism and environment a constant active

exchange is going on. But this exchange, in

so far as it has any physiological significance,

is always determined in relation to the rest of

the living activity of the organism. . Whether
material is to be taken up or given off,

whether and to^what extent the organism

is to respond to any ^stifnulus,' all this is

determined in relation to the life of the
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organism as a whole. The living body and

its physiological environment form an organic

whole, the parts of which cannot be under-

stood in separation from one another.

Our ordinary language as applied to life

corresponds with these characteristics. We
naturally speak of a living organism as an

autonomous active whole, and think of it as

such. The idea of its being a mechanism

made up of separable parts, and actuated by

external causes, is wholly unnatural to us,

and becomes more and more unnatural the

more we know about organisms.

The concept we are using is radically

different from any physical concept : for in

conceiving what is living we do not separate

between matter or structure and its activity.

The structure itself is conceived as active

—

as alive.

But the objection may be raised that this is

only a loose and inaccurate mode of thinking

and expression : for we know that the living

substance consists of nothing but matter,

though we do not yet know in what exact

form the atoms or molecules are combined.

This, it must be pointed out clearly, is simply
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to beg the whole question. It was the com-

plete and hopeless failure of the material

conception of a living organism that led to

our present inquiry. We cannot admit that

the living * substance ' is material. It is the

very existence of matter as such that is in ques-

tion—the adequacy of the concept * matter ' to

express the phenomenon we are considering.

Let us make no mistake as to what we are

really discussing. We have parted company

once and for all with the mechanistic

philosophy—the notion of a real and self-

existent material universe ; and we must

remember where we now are.

What we have found is that the conception

of the living organism is in common and

ordinary use, and differs radically from any

physical conception. We have also seen

that there is no philosophical reason for

rejecting this conception. There is no a

priori reason why we should not, if it helps

us, take it as the fundamental conception for

biology, just as the physicist takes the con-

ceptions of matter and energy as fundamental

for physics.

Before going further we must consider a
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preliminary objection. Whatever the nature

of the actually living parts of an organism

may be, all that we can do in investigating

them, it may be pointed out, is to observe

and measure the physical and chemical

changes resulting from their activity. We
can measure the shortening of a muscle,

the pull it produces, the oxygen it absorbs,

the electrical changes which accompany

its excitation. All these are physical and

chemical changes, however ; and the whole

of physiology consists, and can only consist,

of such observations and measurements. It

must, therefore, from the very nature of its

data, be a physical and chemical science in so

far as it is a science at all.

The reply to this is that apparent physi-

cal and chemical changes are the signs or

sensuous data which point to the underlying

living activity. Just as the physicist has no

direct detailed knowledge of matter, but in-

fers its properties and measures its amount

from various sensuous data, so the physi-

ologist infers the nature and activities of a

living organism from sensuous data. But to

the physiologist the outward appearances of
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physical and chemical change are the sensuous

data, by bringing which into relation with his

guiding idea he arrives at physiological know-

ledge; and what he sees behind the appear-

ances of changes in form, electrical changes,

absorption of oxygen, and all the other out-

ward signs of muscular activity is the meta-

bolic activity of the living muscle-cells.

If we assume that the conception of the

living organism is the fundamental conception

of biology, it is clear that the aim of biology

differs entirely from what it would be if

the mechanistic theory were accepted. All

attempts to trace the ultimate mechanism

of life must be given up as meaningless. The
aim of biology becomes a very different one

—

to trace in increasing detail, and with increas-

ing clearness, the organic determination which

the ground conception postulates. The

bodily processes—for instance, the apparent

mechanical or chemical processes of movement

of the limbs, of breathing, of circulation, of

digestive changes, of the taking up and giving

off of various forms of matter and energy

—

become nothing but the expression of organic

activity. Their maintenance and working
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during life are only phases of the organic

determination which is the key to all the

phenomena of life. They must be looked at

from the physiological or biological standpoint,

and not merely from that of the physical

sciences. The details of bodily structure must

likewise be interpreted as the expression of

organic determination .

Now it seems to me that the actual pro-

gress of physiology, and of biology generally,

corresponds exactly with the increasing

realisation of this aim. It has already been

shown that in tracing the history of phy-

siology we find that on the whole there

has been no apparent progress whatsoever

towards the mechanistic goal. On the

other hand it is perfectly plain that there has

been enormous progress, not merely in ascer-

taining isolated facts, but in tracing organic

determination in every detail of bodily struc-

ture and physiological activity.
^

To illustrate this conclusion in detail it

would be necessary to present to you, not

a single lecture, but a whole text-book of

physiology. I shall, however, try to give

a single illustration by tracing roughly part of
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the progress of our knowledge in relation to

the regulation of breathing.

From the earliest times it was of course

known that in all the higher animals breathing

is an essential part of organic activity, as

mechanical stoppage of the breathing causes

rapid death. Very little further was known,

however, until the time of Black, Priestley,

and Lavoisier, althongh Mayow, the funda-

mental importance of whose work was not at

the time appreciated, had in reality come very

close to modern ideas. With a single flash

the whole subject was illuminated by the

definite discovery of oxygen and carbon

dioxide and their relation to respiration.

Henceforth we knew that the necessity for

breathing, and the regulation of breathing, is

bound up with the necessity for absorbing

oxygen and giving off carbon dioxide. Breath- \

ing is offundamental physiological importance,

because the consumption of oxygen and re-

moval of carbon dioxide are fundamental

organic activities in animals.

Assuming that an organism is an organ-

ism, and not a mere machine, we should

expect to find that these activities are organi-

f2
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cally determined—determined as in definite

relation to the whole functional and structural

activities of the organism, and not merely

dependent on specific and one-sided conditions,

such as the abundance of oxygen in the in-

spired air, or its freedom from carbon dioxide,

or some mechanical action of the nervous

system, unrelated to the central organic deter-

mination.

Misled by mechanistic conceptions of life,

various physiologists have, as a matter of fact,

put forward one-sided theories of this kind,

and they have invariably turned out to be

wrong. As an example we may take the

theory that owing to the structure of the

respiratory centre, and the properties of the

afferent nerves coming to it from the lungs,

breathing goes on, under ordinary conditions,

automatically and without reference to the

removal of carbon dioxide or intake of oxygen.

It was believed that as distention of the lungs

excites fibres in the vagus-nerve which inhibit

inspiration, and collapse ofthe lung correspond-

ingly excites fibres which excite inspiration,

normal breathing is regulated by this mechan-

ism, though the centre also responds to any
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unusual want of oxygen or excess of carbon

dioxide in the blood.

Now it seemed extremely improbable that

such a theory could be correct ; since living

organisms do not regulate their affairs in this

mechanical manner. Thus guided, we rein-

vestigated the whole question in the Oxford

Physiological Laboratory, and found that as a

matter of fact the breathing is, under normal

conditions, so regulated in man as to re-

spond with almost incredible exactness to the

slightest variation in the output of carbon

dioxide or partial pressure of carbon dioxide

in the alveolar air. The vagus nerve-fibres play

no part in the main regulation, to which their

influence is only subsidiary, though not unim-

portant.

Under ordinary conditions the constancy in

the pressure of carbon dioxide in the lung

alveoli provides for the supply of oxygen to

the lungs and blood ; but quite evidently the

breathing is, under abnormal conditions, regu-

lated also in direct relation to the oxygen

supply ; and the action of the lung epithelium,

the concentration of hsemoglobin in the blood,

and the mode in which oxyhsemoglobin is



88 BIOLOGY AND PHYSICAL SCIENCES

dissociated in the blood, play an important

part in helping this regulation.

' The idea which gives unity and coherence

to the whole of the physiology of respiration

is that of the organic determination of the

phenomena. The same idea has to a greater

or less extent already given, or is in process of

giving, unity and coherence to the phenomena

of nutrition, secretion, and circulation. It is

an idea which guides us at every turn in

physiological work, and constantly suggests

new lines of investigation. To leave it out of

account in physiology, or to treat it as a mere
* heuristic principle ' of very uncertain value,

seems to me about as foolish as it would be to

reject the idea of mass in chemistry, and retain

the phlogiston theory, as Priestley and Caven-

dish actually did till their deaths. By regard-

'

ing the structure and activities of a living

organism as the expression of organic unity

we arm ourselves with a theory which is

just as useful in biology as the idea of mass

in chemistry. Neither the idea of mass nor

that of organism will enable us to predict

everything in the chemical and biological

worlds respectively, but they both help us
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enormously in reducing our observations to

order.

When we turn from actual physiological

investigation to the current text-books on the

subject we are confronted by the fact that in

accordance with prevalent philosophical beliefs

among physiologists, these books are mainly

written from what is essentially a mechanistic

standpoint, and follow more or less closely

the general plan of Ludwig's famous text-

book of sixty years ago. An account is

given of the physical structure and chemical

materials found in the body and its environ-

ment, and this account is combined with an

analysis of how the whole works when the

various elements so distinguished are brought

into relation with one another during life.

In this general plan there is absolutely no

place left for the living organism as such. We
find, moreover, that the various ' mechanisms

'

to which the headings of the various chapters

correspond—the mechanisms of neuro-mus-

cular activity, nutrition, secretion, absorption,

etc.—exist, for both reader and author, only

as ideals on paper ; and at the end the reader

is perhaps inclined to become a vitalist—per-
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haps not. The author, too, may probably have

displayed suspicious vitalistic tendencies. One
thing, however, is pretty clear—that the in-

formation supplied with regard to the central

or 'elementary' problems of physiology is

often so vague as to be of little apparent

practical importance. The practical physio-

logical information which a student of medi-

cine needs and uses is to a large extent only

picked up afterwards at the bedside or in the

study of experimental pathology.

What is the reason for this defect in

physiological teaching? One might at first

suppose that whatever general theoretical

opinions might be held by a physiological

teacher, yet the facts of the science itself

must be the same, and that in teaching

the facts, as undoubtedly he does to the

best of his ability, he must be doing all

that is possible. But here comes in the

question, what facts? The facts recorded

by physiologists are absolutely indefinite in

number, and only the more important ones

can be taught. Hence, in accordance with

the general plan just alluded to, only those

facts which bear on the ' mechanisms ' of the
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various physiological processes can be taught.

If, for instance, we are teaching the physi-

ology of the kidneys, we must teach the main

facts bearing on the possible mechanism of

secretion of urine. We must thus discuss

the possible influence of filtratidn, diffusion,

etc., in the process, leaving out of account

all details which are irrelevant to this dis-

cussion ; and when at the end it turns out

that the essential mechanism of secretion is

quite unknown there is nothing further to

do than pass on to the next subject. Actually

it is known that, mechanism or no mechanism,

the kidney fulfils its functions of regulating

the composition of the blood, and that it

does so with marvellous delicacy ; but facts

relating to this do not fit into the plan of

exposition of the subject, and have too much
of a smack of old-fashioned teleology about

them. Hence they are ignored completely,

or scarcely touched upon.

It is the same with circulation, respiration,

and every other part of physiological know-

ledge. The fact that the body lives as a

whole, each organ or part fulfilling its proper

functions and adapting itself to every change.
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is scarcely touched upon, while a vast mass

of unrelated and unassimilable mechanical

detail is carefully recorded and described.

The fault evidently lies in the general plan

of exposition. This plan does not fit the

facts to be described. The living body is

a living organism, and physiology must treat

it as such, or else submit to the reproach

of being a complete failure. The attempt

to treat physiology on the principles so

clearly laid down in Ludwig's Introduction to

his text-book is as wide of the mark as would

be an attempt to treat painting and sculpture

on the basis of a mere knowledge of the

chemistry and physics of paint and marble.

Teaching and investigation must begin, con-

tinue, and end with the presupposition that

the body is a living organism, which must

be seen as a whole if it is to be seen at all.

To shut our eyes to the central fact of living

organic existence is to shut our eyes to

physiology itself, and to biology generally.

It does not matter what aspect, or what

portion of physiology or biology we are

studying : we are always face to face with

living organisms as wholes or parts of
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organic wholes. The divisions of the subject

are due, either to the particular organisms

studied, or to the particular methods of

investigation which we happen to be capable

of using to advantage. In so far as we are

in earnest with the work, and are not

blinded by wrong theories, we are always,

both in physiological and morphological

investigation, studying an organism as a

whole.

In the case of the higher organisms we
are of course dealing with a compound

organism ; and we have all shades between

highly organised compound organisms and

more or less indefinite collective organisms

such as a colony or a whole species. In these

organisms there is constant active main-

tenance, constant renewal, constant breaking

down and reproduction of the living struc-

ture ; and this is of the very essence of our

conception of life. Reproduction is not in

itself a problem, but an axiom ; for all living

structure is active structure ; and it lives in

actively maintaining itself and reproducing

its structure.

In normal reproduction and death, and in
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all instinctive social activity, the individual

organism shows itself to be more than a mere

individual : it belongs to a wider organic

whole. Death is certainly not the mere

mechanical wearing out of the organic

machine : for the organism, as we have

already seen, is no machine. Not only in

reproducing itself as a whole, but also in the

metabolic processes by which it is changing

its substance at every moment, does it flout

such a conception. So far as we can at

present understand the matter, the physiology

of death, and that of reproductive and social

activity in all their wide ramifications, belong

to the physiology of the species. The indi-

vidual organism, like the individual cell in

a complex organism, belongs to a wider

organic whole, apart from which much of its

life is unintelligible.

It may be argued that in postulating the

existence of such a thing as a living organism

as a specific entity we are abandoning all

attempt at explanation. We are certainly

abandoning the attempt at causal explana-

tion ; but in doing so we are only abandoning

the philosophical ideas which have already
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been shown to be defective and irreconcilable

with experience in relation to the phenomena

of life. This part of our experience implies

the conception of life. By a process of

abstraction from the distinctive facts of life

we can, it is true, regard organisms as simply

so much matter, with so much energy

passing through them. If they had turned

out to be capable of interpretation as

mechanisms this would have been no ab-

straction, but a correct way of regarding

them. But since they are what they are,

their structure must be regarded as living

structure, and their activity as living activ-

ity, both structure and activity being the

expression of an organic and indivisible

whole. The ideas of matter and energy are

notching but ideas, and in the case of life

these ideas are united and transformed in the

idea of the living organism.

This leads us back to the philosophical

conclusions of Kant and his successors. For

Kant the categories or general conceptions

under which our experience is ordered were

so many separate conceptions unrelated to

one another. We might roughly compare
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them to the chemical elements as they

appeared to science before the discovery of

the periodic law arid the breaking down and

probable building up of elements. Hegel

pointed out that not only was Kant's list

of categories incomplete, but that the cate-

gories bear a natural relation to one another,

the lower being the more abstract or empty

general conceptions furthest from reality, and

the higher being the more concrete and

definite ones nearest to reality. If, *for in-

stance, we regarded our experience as con-

sisting of nothing but qualitatively different

data we should be using an empty and

abstract category. If we regarded it as a

world of substances acting on one another

we should be seeing it under a much less

empty category, and the qualities and their

changes would now appear as the qualities

and changes of substances. If we regarded

it as a world of living organisms we should

be using a still higher and less empty

category ; for substance, quality, and activity

would now be united in a conception out

of which they all issue, the activity being

no longer regarded as an accident of the
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substance or matter, and quality being no

longer a mysterious attribute of substance.

L- It is evident that we cannot apply this

or that category at will. Specific categories

seem, as it were, to be embodied in all that

we experience. By no mere arbitrary process

of thought can I make a piece of stone into

a living organism or vice versa. I can, how-

ever, deliberately abstract from what the

living organism really is, and regard it as

simply a material system. This, indeed, is

what the mechanistic theory of life invites

me to do. I can also abstract from what

the stone is, and regard it as simply a patch

of colour. This, or something like this, was

what Berkeley and Hume invited us to do,

pointing out that the stone, as a substance

outside us, is only a metaphysical product

of our imagination, and that all that is

really experienced is a patch of colour. But,

as Kant showed in principle, we cannot thus

divest our world of its meaning : we cannot

reduce higher to lower categories, and thus

explain the higher away : we find that the

higher categories are embodied in the very

texture of our experience.
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When we examine the process of know-

ledge itself we find that it is a progressive

defining of our experience in terms of funda-

mental conceptions or categories : also a

gradual passing from lower, more abstract or

indefinite conceptions to higher, more con-

crete or definite ones. This is the course of

all scientific investigation. It is only with

infinite travail and pains that our experience

gradually defines itself in terms of higher and

more definite conceptions. A living organism

is not given to us complete in thought all at

once : it only gradually reveals itself more

and more definitely in the course of long and

arduous biological investigation. It is the

same on a lower plane for the physical world,

or for the mathematical world of abstract

form and quantitative relations. But from

the very nature of the categories or funda-

mental conceptions themselves all true know-

ledge must be a gradual revelation of the

lower or more abstract in terms of the higher

or more concrete aspects of reality ; and as

the conception of organism is a higher and

more concrete conception than that of matter

and energy, science must ultimately aim at
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gradually interpreting the physical world of

matter and energy in terms of the biological

conception of organism. No lower claim than

this will satisfy the ideals of biological investi-

gation : of this we may be well assured.

At the time of Kant and his immediate

successors biology had hardly begun to be

conscious of her strength. Living organisms

seemed, as it were, to be at the best only

dotted about here and there in the midst of

a totally foreign physical universe. Kant

assigned to them a very doubtful place in his

philosophy, and Hegel in his Philosophy of

Nature represented Nature as a sort of waste

in which any and every kind of existence is

strewed about indiscriminately—a conception

repugnant to true science. Meanwhile the

advance of the natural sciences has pro-

foundly changed our outlook on Nature.

First and foremost we have come to realise

the fact of evolution. The true significance

of this fact is a very different one from what

is still very generally supposed. At • first

evolution appeared in popular thought, em-

bodied, for instance, in the writings of

Herbert Spe^ce^, as a derivation of the
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organic from the inorganic. We have seen

already, however, that, evolution or no evolu-

tion, there is not the remotest possibility of

deriving the organic from the inorganic.

Evolution, therefore, takes on a very different

significance. In tracing life back and back

towards what appears at first to be the in-

organic we are not seeking to reduce the

organic to the inorganic, but the inorganic

to the organic. The apparently indefinite

microscopical aggregations of formless colloid

material—* sarcode ' or ' protoplasm '—which

were at first taken for the origins of life from

the inorganic, have gradually turned out to

be definite living organisms. But biology

will not stop at these : for they must have

been evolved from something more primitive.

She will gradually push her advance victori-

ously further and further into the domain of

the apparently inorganic.

The premonitory signs of this advance are

not lacking. For nearly a century—since

the days of John Dalton—the chemical atom

was the ultimate term of physical and

chemical investigation. The world seemed

to be resolved into a world of atoms, in
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which, as du Bois Reymond pointed out,

there was no place for life in any such sense

as that which I have endeavoured to depict

in this lecture. Recent discoveries in physics

and chemistry have, however, completely

shattered this conception, and with it that of

matter and energy. We now see physicists

and chemists groping after biological ideas.

No one can yet tell what conceptions will

emerge from the ruins of the atomic theory

;

but it is at least evident that the extension of

biological conceptions to the whole of Nature

may be much nearer than seemed conceivable

even a few years ago. When the day of that

extension comes the physical and chemical

world as we now conceive it—the world of

atoms and energy—will be recognised as no-

thing but an appearance, though for practical

purposes it will still remain very useful. It

will stand fully confessed as a world of

abstractions like that of the pure mathemati-

cians. Meanwhile it is already a world of

abstractions to the biologist who has faith

in the principle of evolution and also in

the fundamental conception of the living

organism.

g2
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To one point with reference to the bio-

logical conception of a living organism no re-

ference has yet been made. Living organisms

always, or nearly always, appear to be marvel-

lously ' adapted ' to their physical environ-

ment. Yet this adaptation is not of the

essence of the biological conception of an

organism. We know, also, that organisms

may develop which, in one way or another,

are so misshapen or defective that they

cannot survive, though they have all the

essential characteristics of organisms. They

maintain their existences as organisms for a

short time, blindly struggling, as it were, to

preserve the defects which make them in-

capable of surviving.

Organic life is ' blind ' : each organism

blindly struggles to maintain its own exist-

ence or that of its species. We can only

explain the actual marvellous and intricate

' teleological ' adaptation of organism and

physical environment by the fact that, as

pointed out by Darwin and Wallace, those

organisms which are not so adapted must

disappear. Even if we could see far enough

to be able to regard as organic the whole of
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what appears as inorganic, the entire world

would still appear as a blind struggle between

different organisms. Of this conflict, whether

we regard it as conflict between organisms

themselves, or between organisms and physical

environment, we can give no biological inter-

pretation, and are thus forced back on a

physical interpretation. From the standpoint

of ideal biology organism and environment

would be one. The organism would be

not something in a more or less foreign

environment, but in its own environment,

which it has grown in, and which has been

part of its very nature from the outset. Of

the actual foreignness or imperfection in the

environment biology as such can give no

account.

This discussion brings us to the subject of

the last lecture. In the higher organisms, at

least, we find distinct evidence of a quite new

factor—consciousness. A conscious organism

is, as it were, fighting the inorganic world, not

blindly but with the weapons of that inorganic

world itself. It answers blow with counter-

blow, and physical force with counter-force.

The conscious organism is aware of the inor-
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ganic world as such, and reacts as in presence

of that world, whether it be real or unreal.

In concluding this lecture let us survey the

progress made in our discussion. We have

seen that the idea of the physical universe as

a world of self-existent matter and energy

is only a temporary working hypothesis by

means of which we are able to introduce a

certain amount of order and coherence into

a large part of our experience. The fact that,

as shown in the last lecture, this hypothesis

breaks down in connection with the pheno-

mena of life need not, therefore, puzzle us.

The phenomena of life involve another and

radically different conception of reality, and I

have endeavoured to define this conception,

and point out that it is actually used as a

working hypothesis by biologists, and that by

its means we introduce order and intelligibility

into biology, whereas there is no such order

or intelligibility if the mechanistic theory of

life be adopted. The idea of life is nearer to

reality than the ideas of matter and energy,

and therefore the presupposition of ideal

biology is that inorganic can ultimately be

resolved into organic phenomena, and that
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the physical world is thus only the appearance

of a deeper reality which is as yet hidden

from our distinct vision, and can only be seen

dimly with the eye of scientific faith. We
have seen, finally, that the ideal biological

world is never completely realised.



LECTURE IV

PERSONALITY

In the previous lectures I have endeavoured

to follow out what is involved in our experi-

ence of living organisms looked at from a

purely biological standpoint. Actually, how-

ever, the higher organisms display characters

which do not belong to the conception of them

as mere organisms : for they are conscious—in

conscious relations of perception and active

response with their environment.

Let us try to realise more clearly what is

involved in the conception of a conscious

organism, or person. From the discussion in

the previous lecture it is evident that we can-

not mean an organism lighted up, as it were,

by flashes of consciousness : for isolated flashes

of consciousness, as Kant showed, do not exist

We must therefore put entirely out of court

the theory that conscious life is simply a series

106
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of isolated states of consciousness which are

the mysterious accompaniments of certain

physical and chemical processes in the brain.

Such a theory is merely a combination of

obsolete philosophy with equally obsolete

physiology. Nor can a conscious organism

mean that the organism, or its brain, is the

' seat ' of an independent and self-existent soul

or Ego, of which consciousness is the activity.

This theory involves the impossibilities which

Hume and Kant so clearly pointed out. Nor,

finally, is a conscious organism conscious

merely of its own organic activity. It is

certainly conscious generally of its own or-

ganic activity, though of the details of this

activity it is either totally unconscious, or only

dimly conscious. On the other hand, it i<!

also clearly conscious of an outside environ-

ment distinguishable from its organic exist-

ence, and tending to further or hinder it : also

of itself reacting in such a way as to control

this environment more or less successfully.

It is thus conscious both of itself as organism

and of what does not directly belong to its

organism—an Ego and a non-Ego. Both of

these are inside its world, and somehow or
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other, as we saw in the previous lecture, that

world of consciousness is the world of supreme

existence : for the elements in that world—all

that we perceive—exist only in their relations

to one another as parts of one supreme whole.

At first sight this conclusion seems, perhaps,

to have led us into the impossible position of

an absolute idealism which is at the same

time subjective idealism—the position that

somehow the existence of the universe is

bound up with the individual existence of

a certain person, who was born, and will

assuredly die, on certain dates. Such an in-

terpretation is incorrect, as will be shown

presently ; but meanwhile let us follow out

our analysis.

_ As Kant and his successors showed, the

world as perceived is a world of elements

which are not self-existent but exist only as

related to one another—related temporally

and spatially, as substance and accident,

matter and energy, or as expressions of

organic unity. If we look further at this

world of perception we find that it is appar-

ently centred in ourselves—in our own in-

dividual organism. It has a particular here
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and now, to which its spatial and temporal

relations are referred. This particular here

and now is apparently occupied by a par-

ticular self in which the material world of

matter and movement is centred. But th^

particular self is not merely a portion of

matter, but a living organism ; and the sur-

rounding world is not a world perceived

merely as matter, but as matter in relation

with the life of this organism. What I per-

ceive is what interests me as an organism

;

and my voluntary reactions upon the sur-

rounding world are reactions in the interest

of my organism.

Let us be quite clear on this point, for it

is of great importance. At first sight it may,

perhaps, seem that the surrounding inorganic

world is perceived merely as a physical world

of matter and energy, or that if we seem to

perceive it as anything else this is mere

anthropocentric illusion. It is true that in

practical life we regard the inorganic world

from the standpoint of its practical relation to

our own lives. The engineer or the workman

treats the world from the utilitarian stand-

point of its uses and hindrances to human life
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and development. But reality, we are accus-

tomed to think, is something apart from this

temporary and one-sided view of it, so that

what we really see is simply a world of matter

and energy, as described by the physical

sciences.

If we look back, however, at the history

of the gradual development of our scientific

ideas, we find that they have one and all

sprung out of the needs of practical life. The

tradesmen who devised and used the balance,

and the engineers who measured in foot-

pounds and horse-power, had practical ideas of

mass and energy long before men of science

definitely formulated and extended these

conceptions. The sciences are built up on

ideas which have their roots in practical

human needs. These ideas are changing and

developing with human progress, and never

escape from being anthropocentric. When
separated from the mother earth of human

experience they cease to live ; and this is so

whether the experience is that of ordinary

practical activity or of laboratory experiments.

We cannot separate our world from our

interest in it. What we see in it is deter-
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mined by our attention, and our attention is

determined by our organic needs.

Our conscious and voluntary reactions to

the world outside us are similarly determined

by reference to what is required for our

organic maintenance. Hence teleological

determination with reference to organic need

extends to the whole of our experience. It is

this which gives unity and coherence to the

world of our conscious experience. Kant saw

clearly the necessity of such a unifying factor

in experience when he referred to the * syn-

thetic unity of apperception ' as implied in all

experience, in addition to the categories which

he postulated.

What is implied in this teleological deter-

mination of the world of our experience ? It

is clear, in the first place, that the teleological

determination is only imperfect. The things

in the external world which supply our

organic needs or hinder their satisfaction

appear to have also an existence of their own
which has no reference to us or our needs.

A block of stone remains a block of stone

whether it is of immediate interest to me as

part of my house, or as just about to fall on
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my head, or is lying concealed beneath the

surface of the earth, and only of potential

value. In utilising the block of stone for my
own purposes, I have to reckon with the fact

that, owing to properties in it which have

nothing to do with my present requirements,

it may crumble away or split. The teleo-

logical determination of the stone in my
experience is thus imperfect. I perceive it in

part as of use to me, and I can only in part

adjust it to my purposes. Nevertheless, in

merely perceiving it as stone or even as mere

matter, I am perceiving it as something of

potential use or hindrance to me. However

partially or imperfectly, it is, when so per-

ceived, teleologically determined in relation

to me ; and were it not so it could not enter

into the unity of my experience.

If I knew more about the piece of stone its

teleological determination would be more

perfect. If, for instance, I knew its exact

chemical composition, and how to decompose

it with ease into its elements, its potential

value to me would possibly be greatly

increased. And if I knew a means of liberat-

ing the enormous stores of energy locked up
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in the atoms of the stone, its potential value

might be almost incalculable. If, finally, I

knew what lies hidden behind the appearance

of atoms, and energy, and all the other

physical and chemical appearances in the

stone, I could completely adjust myself to it.

Its teleological relations to me would be

entirely transformed : it would be wholly a

part of myself, and the end of my scientific

study of the stone would be completely

attained.

We can in thought abstract from, or leave

out of account, the teleological determination

of our experience, and treat the external

world as if the appearances in it existed

entirely apart from their teleological relations

to ourselves. In scientific thought we actually

do make this abstraction, leaving out of

account the fact that all our scientific ideas

are human ideas, the product of human
development, and gradually evolved to meet

human needs. We can also regard human
activity in relation to the external world as

simply the action of one self-existent thing

on other self-existent things, without any

regard to the teleological determination of

H
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this activity in relation to human organic

needs. For certain purposes this abstraction

from reality is useful ; but we must be clear

that it is an abstraction from reality, and that

in considering the nature of personality we

cannot make any such abstraction. The

apparent self-existent things in the form in

which they appear to us are themselves the

creation of our own thought—are machinery

which we have made for our own purposes.

The parts of this machinery may appear to

exist independently of one another; but all

are determined as parts, however imperfect,

which we have made for our own purposes.

Their imperfection is our own imperfection

;

for they are part of ourselves, and belong to

our personality. We have made them in

order to use them for certain purposes, and

we do so use them. In scientific work we

are not simply studying passively something

which is apart from and independent of us

:

our real aim is just as much practical as that

of any ordinary workman. He has to study

things just as we do, and our study of them

is only part of the gaining control of them,

just as in his case. Our theories are practical
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theories, just as his are, though he is putting

them to immediate practical use, while we
are not.

The conclusion thus reached is that the

world of our experience is a world of

personality. We can reach this conclusion

either from the purely philosophical side, with

Kant and the other philosophers, through the

abstract demonstration that the world we see

is the world as we see it. Or we can reach it

from the side of human history, through the

more concrete demonstration that the world

we see is the world which by painful human
effort we have gradually learned to fashion in

thought and action. The claim sometimes

advanced on behalf of natural science that it

deals with absolute reality, independent of

man himself, cannot be maintained.

We must now examine more closely the

difference between the conception of a person

or conscious organism and that of a mere

organism as such. The higher organisms are

evidently conscious, like ourselves, though

they may be aware of far less than we are. As
we go down the scale of organic life we gradu-

ally lose the evidences of consciousness. We
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can also find no signs of consciousness in the

greater part of the organic activities of our own

bodies. Mere organic activity is evidently

blind or unintelligent. An organism as such

is in constant relation with its environment,

as we have already seen, but only in »so far as

the environment enters into its organic life.

To this extent the action and reaction between

oi'ganism and environment is determined as

a part of organic activity. Apart from this,

however, the mere organism is at the mercy

of the physical environment : it is helplessly

swept hither and thither and learns nothing

from experience: the physical environment

appears to be foreign to it in just the same

sense as the environment of a portion of matter

is foreign to it.

Biology as such does not give us any

rational account of the tossings about of the

organism in the sea of its apparent physical

and chemical environment. All that biology

can do is to reveal to us the blind organic

activity which is the one element of constancy

and intelligibility throughout these tossings

;

and the tossings themselves appear to us

as nothing more intelligible than the aimless
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and irrational change in an aimless and irra-

tional world of matter and energy.

For the conscious organism, on the other

hand, the physical environment is no longer

something merely external, but is perceived,

however dimly, and reacted to, as of practical

significance and yet outside of immediate

organic determination. It is through the fact

that in perception and volition the external

world is in real connection with the internal

organic world that conscious life or personality^

distinguishes itself from mere organic life.

We must, it seems to me, draw a sharp and

clear distinction between biology, which deals

simply with organic life, and psychology,

which deals with conscious life or personality.

This distinction is similar in general nature to

that which I have already endeavoured to draw

between physics and biology. Just as biology

is a more concrete science, nearer to reality,

than physics and chemistry, so psychology is

a more concrete science than biology. We can

abstract from the psychological aspect of a

man or animal, and regard him only from the

biological aspect. This is, in fact, what we

do in physiology. In regard to most of the

h2
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details of bodily activity there is little need for

deliberate abstraction, since the psychological

element lies only in the background. But

when we come to deal with the bodily parts

more immediately concerned in perception and

voluntary response the case is very different.

Perception, voluntary response, and conscious

activity of every kind belong to personality,

and therefore cannot as such be dealt with

scientifically from the merely biological or

physiological standpoint. We might as well

attempt to establish physics on a basis which

totally disregarded the facts on which the

conceptions of mass and energy are based, as

to establish psychology on a merely physio-

logical basis. Physiological psychology, in so

far as it is such an attempt, is nothing but a

misbirth of modern times, inevitably doomed

to perish, just as is bio-chemistry in so far as

it is an attempt to establish physiology on a

purely chemical basis.

. Now all organic activity in a conscious

organism is ultimately more or less under con-

scious control, directly or indirectly ; and from

this fact it might be argued4hat if physiologi-

cal psychology is impossible, so also is the
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whole of the physiology of conscious organ-

isms, since physiology cannot, as such, give

any account of this conscious control. If it

were maintained by physiologists that the

physiological account of a man or animal is an

ultimate and complete account this argument

would be valid. There is, however, no reason

why physiologists should take up such an un-

tenable position. Physiology deals, and ought

to deal, with living organisms just in so far

as the observations relating to them can be

ordered in terms of the conception of a living

organism. Where, and in so far as, the con-

ception of a mere organism fails, as in the facts

relating to conscious activity, we must have

recourse to another conception, that of per-

sonality.

It is evident that in applying the conception

of personality to man or animal we leave out

of account the details of organic activity. But

the details are there, and the only account we
are in a position to give of them is in terms of

the lower or less concrete conception of mere

organic activity. If we go still further into

detail we are reduced to a still more abstract

account in terms of physics and chemistry.
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Hence although in giving an account of per-

ception and volition as a whole we make use

of the conception of personality, and cannot

otherwise state the facts, there is abundant

room left for a physiological account of

the sense organs, nervous system, muscular

activity, etc., provided that we recognise that

such an account always deals abstractly with

the phenomena, for the sufficient reason that

a fuller and more concrete account cannot at

present be given. In the same way we treat

the action of the muscles on the limbs, or of

the limbs on the environment, or of the

environment on the sensory organs, from the

merely physical standpoint. This is an

abstract method of treatment, as we have

already seen ; but it is to some extent the only

method available. Provided we do not make

the mistake of confusing the physical account

of the world with reality, we are perfectly

justified in making all the use we can of this

physical account. The mere physical facts,

however, belong properly to neither physiology

nor psychology.

Much of the most valuable part of our

physiological knowledge results from the
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observation of activities of which we are con-

scious. In making these observations we
deliberately disregard or abstract from the

whole psychological aspect of the phenomena

:

we even take special precautions to exclude

psychical interference. In this way we observe

and analyse the physiology of the sense-organs,

muscular movements, breathing, the intake of

food and drink, etc. The methods used are

exactly the same as if we were investigating

something which is outside of direct conscious

control, such as the circulation, or the secretion

of urine ; and it is a complete mistake to de-

scribe as psychology any such investigation in

which we are observing something of which we
are conscious. Psychology deals with person-

ality, and observations from which all that is dis-

tinctive of personality is rigidly excluded have

nothing to do with psychology. Conversely,

psychological investigation has no place in

physiology. The physiologist who treats of

perception and volition is going outside his

own subject, and sometimes does so in a

quite illegitimate manner, endeavouring to

state or explain psychological phenomena

in terms of a conception which cannot be
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applied to them because it cannot describe

them.

The man as a person is more than the

man as an organism ; but we must not make

the mistake of supposing that he is anything

different from his organism perceived and

understood more fully. It is absolutely vain

to attempt to separate in any other sense the

personality of the man from his organic life.

His character is, on a lower plane of our

perception, organic character ; his passions,

on this plane, are mere organic instincts. To

separate off the organic instincts as if every-

thing connected with them were outside the

man's real personality is to make the same

kind of mistake as is made by the vitalists

in physiology. The love between parent

and child, or man and woman, may be looked

upon, by those who are not attempting to

see further into reality, as mere organic

instinct ; but in nothing else does personality

in its distinctive sense manifest itself more

clearly, and through nothing else can charac-

ter be judged more certainly. The person

is the whole man, and the organic aspect

of him is only an abstract or partial aspect.
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We can now reach clear conclusions on

the much debated question as to the rela-

tions between mind, organism, and matter.

Clearly this relation is not a spatial one,

capable of being stated in any sort of terms

of interaction. The relation is simply one

of different degrees of nearness to reality

in the manner in which phenomena are

described.

We may attempt to regard a man as

simply a coloured extended patch or form.

This is a very abstract or empty conception

of a man ; but for certain purposes it may
be legitimate—for instance, if we are consider-

ing how much space the man occupies, or

whether he will be visible against a certain

background.

We can also attempt to regard him as

about seventy kilogrammes of material with a

certain external configuration, internal struc-

ture, and movements : such material consist-

ing of p great variety of chemical molecules,

acting upon one another and passing inwards

and outwards in various ways. This is a

much less abstract conception of the man,

and for many purposes is extremely useful,
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and indeed quite sufficient. It is also the

account which the mechanistic theory of life

aims at giving in a complete form. More-

over, we cannot at present give any better

account of much which we find in the man.

We can next attempt to regard the man
as a living organism, blindly maintaining its

structure and activity and fulfilling its

organic function in relation to the species.

This is the point of view of biology, freed

from the trammels of the mechanistic theory

of Hfe ; and this mode of regarding the man
takes into account a great deal of what was

entirely left out of account in the physical

and chemical presentation of him. The

purely biological account is evidently of

enormous use, particularly in relation to

medicine and social and economic activity.

Lastly we can attempt to regard the man
as a person, in conscious relation through

perception and volition to his environment.

This mode of regarding him includes all

that was left out in the previous modes.

The man as a person is thus no abstraction

from reality, like the man as a mere form,

or as an arrangement of material, or as a
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living organism. He is the real man; and

his relation to the man as merely material, or

as merely organism, is the relation of reality

to an abstract and imperfect presentation

of it. The man we see as a person is the

actual man ; he is neither a conscious auto-

maton, if any trace of meaning could be

attached to such a conception, nor a machine

controlled by a soul or mind inside. The
question of the relation of mind to body

is a logical question ; and the confusion

which so easily rises on the subject is nothing

but a logical confusion.

Our conception of the man as a person is

evidently only a general conception, of which

the details are very imperfectly filled in at

the best. Of much that is in the man we
can only form the blurred and imperfect

conception afforded to us by the biological

or physical view of him. Only by degrees

do we learn to read his character in his

actions, words, and features. But we know
that his reality lies in his personality, because

we cannot in any way reduce this person-

ality to lower terms, such as matter or

organism.
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My main object in these lectures was to

map out as clearly as possible the position

and aims of physiology, differentiating it on

the lower side from the physical sciences,

and on the higher side from the branches

of knowledge which deal with personality.

This plan has been carried out, in so far as

time has permitted ; but I should like to

add some remarks as to the conception of

personality and what is involved in it.

The conclusion that the surrounding world

is not a world of self-existent things, but

assumes its actual appearance in perception

and volition, may appear, at first sight, to

involve the inference that the existence of the

world of our experience is bound up with our

own individual existence—with the here and

now of a person who was born and will die.

It is evident, however, that the personality

of any individual is the spiritual inheritance

of ages. Apart from that inheritance in

which we have grown, we cannot imagine

our existence. Just as the individual

organism belongs to the species, and can

only be understood as participating in its life,

so the individual person lives not merely his
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own individual life, but the life of the race,

and the still wider life that the race itself is

living. There is nothing more certain than

the existence and compelling power of duty

which is no mere duty of the individual to

himself, and of truth which is no mere truth

for the individual. In personal existence

there is always a here and now ; but the here

and now of action and perception is not

merely my here and now, but the hc^'e and

now of the wider personal life which lives

in me.

To put the matter in different language, our

personal existence implies in its very nature

participation in a wider personal life. The

individual person exists as belonging to that

life. Even when he is living in what we
regard as the most selfish manner he does

not escape from this wider life : he is only

living it in an imperfect manner, and in so

doing realising his own personality impei lectly.

It is the man who steadfastly endeavours to

carry out, in the spirit and not merely in the

letter, the social duties which have grown

with him, who realises his own personality.

In losing his individual personality in the
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wider personal life he realises his true per-

sonality.

This is a hard saying : for it represents

a truth in the form which is hardest of all

to grasp clearly, firmly, and at all times.

Certainly no man succeeds in so grasping it.

Reality is always presenting itself to us in

ever-changing kaleidoscopic forms, in the

confusion of which we cannot see clearly or

act consistently. In these lectures I have

attempted, following in the lines of some of

the great leaders of human thought, to trace

some of the main logical confusions, and to

point out where and how they confuse us.

In ordinary life we have usually to shut our

eyes to these confusions, since we cannot at

once see through them. The great practical

leaders of humanity have usually ignored the

confusion, and boldly proclaimed that their

own picture is the true one, and the rest mere

illusion. It is harder to see that the true

picture is everywhere if we look close enough,

but in an ever-developing form.

The astronomer or the physicist seems, at

first sight, to be presenting to us a gigantic

and absolutely inhuman universe, in which
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man and human activity is but a tiny speck.

Most people simply shut their eyes to this

picture in its entirety. Few have the courage

to face it. But it was faced by the philo-

sophers of the eighteenth century. Hume
pointed out that there is one all-important

element in the picture which most people

leave out of account, and this is that the

picture is only a picture, Kant and his suc-

cessors taught us to see in part how the pic-

ture is painted, and to realise that it is only

one expression of human personality— the

personality typified in the lonely and heroic

figure of Copernicus. Those who have read

Heine's Deutschland will remember his ac-

count, scintillating with the flashes of his

wonderful literary genius, of Immanuel Kant,

whom he represented as the Robespierre of

an intellectual revolution far more wide-reach-

ing in its effects than the French Revolution.

The victim of this intellectual revolution was

pictured as no mere earthly king, but the God
of Hebrew and Christian tradition. ' I can

hear the bell. Kneel down. They are bringing

the sacraments to a dying God.' Heine was

right in his estimate ofthe importance of Kant's
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work. But it was the God of materialism,

and not of Christianity, that was dying.

Another picture, that is often presented to

us nowadays is the ideal of men as perfect

organisms. All our ills seem, it is argued,

ultimately to arise from organic imperfections

;

and if we could only eliminate these by im-

proving our material conditions, or by eugenic

control of the population, all would be well

with us. Care of the body thus appears

as the all-important question. If we were

nothing but unconscious organisms blindly

struggling for existence, this mode of regard-

ing humanity would doubtless be a correct

one. It would have mattered more to our

race that Shakespeare or Newton should have

begotten children than that they should have

done the work by which they are known.

But we are not mere organisms : nor does

our life-work die with us. Nor is it true that

organic perfection, so far as we can ordinarily

judge of it, is necessarily any true test of

human fitness. It has been my lot to see

many men and women who have distinguished

themselves by showing the greatest of moral

or intellectual qualities, and they present
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themselves to my memory as on the whole
a rather weedy-looking collection, while the

men or women who have looked like perfect

animals have not infrequently been wholly

incapable of filling the station into which they

had chanced to be born.

Still another picture is that of men as each

striving simply for his own individual in-

terests, and of nations as similarly striving

against one another. We find this picture

pressed upon us, not merely by the old-

fashioned political economists, but also from

many other quarters. It is evident that men
and nations do compete with and struggle

against one another, and must be ready to do

so whenever necessary. But we have only to

go out of our arm-chairs into the real world

to find that they are equally willing to co-

operate with and help one another, even to

the point of taking great risks or making

great sacrifices. This is so not only with

individual men, but also with nations. A
wave of national feeling may quite easily

carry a country into war in defence of another

country, just as one man will readily risk his

life to save another man, or simply to carry
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out his duty in whatever form it may present

itself. The picture of men or nations as mere

individuals blindly struggling against one

another, or each working only in his own
individual interest, is simply another of the

illusions of imperfect logic, or of what comes

to the same thing, one-sided and imperfect

observation.

Another form of this picture is that of

personal life as of a mere isolated individual,

buffeted about, and perhaps now suffering or

dying, in a world that seems wholly external.

The individual may be nothing but a poor

hypochondriac, or he may be broken by real

physical misfortunes, or the failure of those

whom he loved and trusted, or of some cause

which he had worked for. For the man who
is suffering or dying in consciously doing his

duty there is probably no such illusion. It is

harder to see that the man who has failed,

perhaps through his own defects or those of

others, or through what appears to have been

mere mischance, can still be at one, and feel

himself at one, with the wider personality that

lives in him and will still live when he, as a

mere individual, perishes.
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Philosophy leads us up to personality as the

great central fact of the universe ; and we
have seen that this is not mere individual

personality. Nor is it limited as the person-

ality of country or species. However dimly

we may see it, it is a personality which in-

cludes within itself our whole universe. If

we follow out the line of thought initiated by

Kant, and particularly the analysis of what is

implied in truth and duty, no other conclusion

is possible.

But what, it may be asked, of the time

before conscious personality existed? This

question is similar to that relating to the

origin of life, and already discussed. We
know nothing of such a time ; and time and

matter themselves are but expressions of

personality. The logic of the universe is

the logic of personality, and cannot, as it

were, rise up against and destroy itself. It

is the business of philosophy or of religion

—for there is no real distinction between

the two—to free us from the various illu-

sions through which such a thing appears to

be possible.

These illusions seem to rise like spectres

i2
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on every side. What, for instance, of the

history of the individual person ? Was there

not a time when, within his mother's womb,

he had no conscious existence ? And how

did his individual personality come into being ?

Not only his bodily form, but all his moral

and intellectual characteristics are inherited

from or through his parents. Is not, there-

fore, his personality the mere outcome of

material or purely organic conditions? Is

not this rendered certain by the known fact

that some organic defect—for instance, in his

thyroid gland—may make him an idiot ?

In practical life we must often, perforce,

satisfy ourselves with such reasoning; but

there is a petitio principk running through it

all. It is the same petitio principii that runs

through the whole materialistic conception of

the universe. We as yet know nothing of the

psychology of the foetus or the individual cell,

just as our forefathers knew nothing of the

physiology of the living cells which they

mistook for mere drops of colloid material.

We also know extremely little about what we
'rail matter, though we do know enough about

our ignorance of it to enable us to reject an
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argument based on the assumption that our

ignorance is knowledge.

Looking back at the argument stated in

the first lecture, we can see that it was based

on a mere provisional hypothesis with regard

to the nature of the external world. This

hypothesis serves a useful though limited

purpose ; but we have seen that it is not, and

cannot be, a true account of reality, whereas

the materialistic argument was based on the

assumption that it is a true account ; and

that matter and energy as such are realities

which cannot be questioned. In actual fact

we do not understand, except in the most

imperfect manner, the reality which lies

behind the appearance of a physical world.

But we understand enough to be certain that

this reality has, and can have, no existence

apart from personality, since existence itself

has no meaning apart from spiritual exist-

ence. . .,.

Philosophical discussion helps us to realise

that on every hand we are surrounded by

mysteries to be solved, and points out the

paths of further investigation. Except by

the combination of painful and accurate
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observation with equally painful and accurate

thought and action, we cannot realise our

true existence. This observation, thought,

and action must also be the educated observa-

tion, thought, and action of personality, and

must focus in itself the spiritual inheritance

of personality.

In personality there is always the element

of the here and now. New experience is

always, as it were, welling up within it, and

gradually taking the form of new truth and

new duty. Personality is living, suffering,

rejoicing, and working existence. This idea

is clearly embodied in the Christian conception

of God ; and when we try to penetrate through

the sensuous mist which blurs that conception

we can see that our discussion has brought us

very near to it.

In concluding these lectures I should like

to summarise briefly the course of the

argument. In the first lecture I stated as

clearly as I could the arguments in favour of

the mechanistic theory of life, and the fatal

objections which may be urged against

vitalism or animism. The second lecture

was devoted to criticism of the mechanistic
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theory. I endeavoured to show that the

experimental evidence which has been brought

forward in support of this theory will not bear

critical examination, and that the popular idea

that the progress of physiology is in the

direction of confirming or supporting the

mechanical conception of life is a complete

illusion. I then proceeded to discuss, in the

light of biological facts, whether by any

possibility the mechanistic theory may not

still be correct. The result of this discussion

was that there is no such possibility. The
physical and chemical conception of the

world breaks down absolutely and hopelessly

in connection with the phenomena of life,

however useful it actually is in connection

with inorganic phenomena. It is, therefore,

nothing but a working hjrpothesis of limited

useful application.

The third lecture began with a brief dis-

cussion of the progress made by philosophy

in discussing the ultimate validity of the

physical and chemical conception of the

universe ; and it was shown that there is no

ultimate validity in this account, so that we
are quite free to employ another conception
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in interpreting biological facts. It was then

shown that we do actually employ the funda-

mental working conception of living organisms

as such, and that with the help of this con-

ception we can bring order and intelligibi-

lity into biological investigation, and we are

provided with a working hypothesis which

is of the utmost practical value in biological

work. This was illustrated by reference to

the actual course of physiological investiga-

tion, and contrasted with the scientific

impotence resulting from the adoption of

the mechanistic theory, which is only capable

of presenting the facts in a more partial or

abstract manner. It was also pointed out

that the ultimate ideal of biology is to bring

within the scope of biological conceptions

even the phenomena which we at present

interpret as inorganic.
'

In the fourth lecture the phenomena

presented by conscious organisms or persons

have been considered. It was shown that the

relation of a person to his surrounding world

with which he is in contact through per-

ception and volition is not a mere external

relation, since his surrounding world is
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teleologically determined in relation to his

organic life. It is a mere logical illusion to

regard the world we perceive as independent

of its relations to us in perception and volition.

The visible world around us is a world

moulded by our personality, and there is no

other world. In scientific work we can

abstract from, or disregard, the psychological

aspect of things, but in so far as we do so we

are dealing with abstractions. The relations

of personality, mere organism, and matter are

relations of increasing abstraction from reality.

Just as the individual organism can only be

understood as participating in a wider life, so

the individual person exists only in participa-

ting in a wider personal existence. He can

only realise his true personality in losing his

personality as a mere individual. Personality

is the great central fact of the universe.

This world, with all that lies within it, is a

spiritual world.
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